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science  with  such  plain  and  concise  outlines  of  the  first  principles 
of  Natural  Pliilosophy  as  he  will  necessarily  require.  Most  of  the 
treatises  just  tnentioned  were  intended  as  lext-books  for  the  use  of 
students  who  had  the  advantage  of  obtaining  such  expLanations,  il- 
luEtiations,  and  additional  information,  from  the  lectures  of  a  pro- 
fessor, as  would  supply  the  want  of  more  familiar  wiitlen  insnoc- 

Several  works,  however,  have  been  published  with  the  view  lo 
assist  those  who  can  have  recourse  to  books  alone  tx  Ibe  means  of 
pursuing  their  studies.  Such  are  the  highly  useful  productions  of 
Mrs.  Marcet,  Mr.  Joyce,  and  J)r.  Amott;  which  are  here  men- 
tioned as  corresponding  considerably  in  object  and  design  vrith 
the  Utile  volume  now  submitted  to  the  public.  The  present  work, 
however,  possesses  some  distinguishing  features,  without  which  ihe 
compiler  would  not  ihink  himself  justified  in  committing  it  lo  the 
press.  Mrs.  Marcel's  "  Conversations  on  Natural  Philosophy,"  like 
all  the  productions  of  her  pen,  furnish  clear  and  concise  views  of 
the  first  elements  of  the  sciences  on  which  she  treats;  but  beyond 
the  mere  groundwork  of  science  she  does  not  extend  her  investi- 
gations. Mr.  Joyce's  "  Letters  on  Natural  and  Experimental  Phi- 
losophy," contain  much  impoilant  information ;  but  the  work  is 
become  necessarily  imperfect,  in  consequence  of  the  rapid  progresi 
of  scientilic  discovery  since  the  appearance  of  the  iast  edition  of  die 
Lelters,inl8ai.  Of  Dr.  Amott's"  Elements  of  Physics,"  it  maybe 
sufficient  to  observe,  that  while  the  praise  bestowed  on  the  work  by 
Sir  John  Hefschel  cannot  but  be  regarded  as  the  strongest  evidence 
of  its  merit,  its  size  and  price  must  prevent  many  persons  from  avail- 
ing themselves  of  the  informalian  it  aflbrds.    The  ueatises  on  the 


^ysical  sciences  published  by  xhe  Society  for  the  DiffuBion  of 
tiseflil  Knowledge,  and  those  parts  of  Dr.  Liirdner's  "  Cabioet 
tCyclopffidia "  wbich  relate  to  Natural  Philosophy,  are,  like  the 
FiCDch  and  English  vrorks  mentioned  above,  more  adapted  to  the 
use  of  those  vho  have  some  previous  acquaintance  vrith  theacieoces. 
than  to  those  who  axe  just  commenciug  their  studies.  Ueuce  it  has 
been  conceived,  that  notwith standing  so  many  introductory  trea- 
tiies  have  already  been  published,  there  is  stUl  room  for  a  brief 
Jet  perspicuous  exhibition  of  the  first  principles  of  the  physical 
sciences,  including  accounts  of  the  nioai  important  discoveries 
recently  made  in  the  several  departments  of  natural  knowledge, 
■nd  comprehending  as  great  a  numher  as  possible  of  curious  and 
lutrualive  facts  and  experiments.  Such  is  the  purpose  of  the 
Book  of  Science,  which  it  is  presumed  may  be  perused  vrilb 
and  profit  by  youths  wfho,  having  acquired  a  knowledge  of 
ttoae  branches  of  literature  usually  taught  in  schools,  are  prevented 
Vj  circumstances  from  obtaining  a  collegiate  education;  and  to 
I,  therefore,  it  is  peculiarly  recommended,  as  a  work  comprising 
h  information  in  a  small  compass,  and  one  which  may  enable 
}  -who  attentively  study  it  to  pursue  with  advantage  their 
Ibquiries  into  any  or  all  the  respective  departments  of  philosopliy 
lUght  under  review,  and  to  avail  themselves  of  the  information 
itained  in  periodical  journals  and  other  works  which  record  the 

•  Ib  ihe-eamposition  of  the  foUovring  elementary  treatises  infonnar 
I  has  been  ireeiy  borrowed,  chiefly  however  from  original  sounusi 
1  due  acknowledgments  have  been  made  wherever  they  seemed 

(•lie  leqiiiied.     It  has  been  the  particular  object  of  the  com^vW 


I 


to  adapt  the  style  and  matter  of  the  following  pa|;es  to  the  capacil; 
of  the  joung  reader;  who,  however,  will  do  well  to  consider  thai 
some  parts  of  an  elementary  treatise  on  science  must  necessarily 
be  more  abstruse  ttian  others,  and  will  therefore  require  more  close 
attention.  Should  he,  therefiH^  occasionally  meet  with  state- 
ments or  passages  which  he  cannot  immediately  understand,  ifaey 
should  be  marked  for  future  examination,  when  a  more  general 
knowledge  of  the  subject  having  been  obtained  from  going  through 
the  volume  or  treatise,  what  at  tirsl  seemed  difiicult  will  be  readily 
comprehended.  i 


The  rapid  sale  of  a  lai^e  impression  of  this  work,  in  a  short 
time  after  its  publication,  may  be  conjiidered  as  affording  the  most 
salisfeetory  evidence  of  its  general  merit  and  utility.  In  the  speedy 
production  of  a  second  edition,  both  the  compiler  and  the  pub- 
lisheia  have  lieeti  encouraged,  by  previous  success,  to  make  every 
exertion  for  the  purpose  'of  improving  the  book,  and  rendering  il 
deserving  of  the  patronage  of  the  public.  Some  inaccui^ies  in 
the  first  impretision  have  been  corrected,  and  various  additions 
have  been  made,  especially  relating  to  capillary  attraction,  colours, 
double  refraction  of  light,  and  animal  electricity ;  a  few  of  the  cuts 
have  been  replaced  by  others,  and  one  has  been  added  representing 
the  caloric  engine,  newly  invented  by  Mr.  Ericsson,  with  a  de- 
scriptive account  of  Ibis  curious  machine  obhgingly  furnished  by 
thai  gentleman. 
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VT  IN  

thoBe  of  mast  imporlsnce  to  be  noticeii  at  present  regird  Ae  diMirimK 
nation  between  ttie  matheiagtical  end  ths  pbysicsl  aoiences.  The  Utter 
ars  so  fgrdependentnotliefbrDiertLBl  some  kunvrled^of  muthematiaa 
IB  absolately  iiecessarj  preTioiuslj  to  enteriog  to  nny  extent  oa  ths 
study  of  pbysical  or  DUural  pbilosopbj.  A  genernl  acquniutance  vilb 
nt  leut  ijie  elementaiy  brnncbei  of  matbeniBticii,  bs  arithmetic,  geo- 
jnetrj,  and  trigoQometry,  may  be  expected  to  hnve  beeo  acquired  bf 
ail  tolBrably  well  educated  persons,  OB  uauallj  forming  a  part  of  a 
rommon  achool  education.  Physical  Boieoce,  or  nntutal  philosophy, 
conatilnteB  the  eicluaive  objeoi  of  the  present  volume,  in  order  to 
the  peruBsl  of  which  vith  profit  and  adTantage,  it  will  be  reqoisils 
Ihnt  the  reader  should  not  be  ignomm  of  the  Dames  and  general  pro- 
pptties  of  geometrical  lines  and  Sgares.  The  foltowing  diagram  and 
enptanatorv  obserratioDs  are  therefore  introdnced,  as  Ibej  may  be 
nseinl  to  those  who  are  but  aligbtly  acquainted  with  nsalhematica,  ami 
may  sometimeB  save  the  better  in  formed  Btndeut  the  trouble  of  referring 
to  other  hooka  for  informulion,  reapecting  the  signiiicatioii  of  puticulu 


nvery  circle  is  supposed  to 


IMTRODUCTIOM. 


wiiob  boaadB  tlia  circle,  and  on  i 


therefore  these  degrees  may  be 
Iny  linea  equidisianl  fram  ekch 
MltBr  tlirouf;hout  their  whole  eiUxt  era  tanned  parallel  lines.  Two 
liiiBg  not  persUel  but  in  the  Hune  pliuie  muat,  if  sufficient]]'  pn>- 
dnoed,  meet  in  b  poiot,  irhich  ia  called  uu  (Dgla.  Angles  are  princi- 
fMj  dietin^ished  by  tbe  relative  inclinatinDs  of  the  lines  by  which 
tbej-  are  formed.  Whan  ona  line  meats  or  croasea  nnothar  perpendi- 
eularlj,  the  angles  ihey  form  are  called  right  angles ;  and  atiy  ang'le 
~~  "  iban  s  right  angle,  is  Btylad  an  acute  angle,  and  sd;  greater  sn 
ingle.  But  angles  are  more  presisaly  measured  by  reference  to 
•be  nnmber  of  degrees  contained  in  an  arc  of  a  circle  jaining  the  two 
linen  fay  whicb  an  angle  is  formed.  Thus  a  right  angle  must  bo  in- 
■loded  within  an  arc  oFa  circle  equal  to  a  qusdrsnt,  or  the  fourth  part 
•f  360  d^rees,  namely  90  degrees ;  and  an  scnte  angle  included 
witLm  an  arc  only  half  the  extent  af  a  quadrant  will,  cf  oourse,  be  an 
■ngle  of  45  degrees. 

A  space  or  fist  suriace,  inclosed  b;  three  liues,  is  the  most  simple  of 

all  definite  figures,  and  is  called  a  triangle.     Among  the  Tarieties  of 

ttase  figures  are  the  rectangular  triangle,  so  nsmed  because  it  has  one 

fight  angle  i  tbe  equilateral  trinngla,  which  has  tbieo  sides  of  equal 

^xtent;  tba  ieosceies  triangle,  whicb  has  only  two  equal  aides;  and  the 

•calene  triangle,  all  the  aides  of  which  are  of  different  lengths.      Any 

■piiee  ioel^Md.  by  four  lines  is  called  M  quadrilaterAl,  dr   fotir-aided 

' — e.     Among  such  are  included  the  square,  having  four  equal  sides 

right  angles ;  the  rectangle,  or  oblong  atiuare,  having  only  the 

loppoaite  sides  equal ;  the  losenge,  whicb  has  equal  aides  and  unequal 

■ngles;  and  the  trapezium,  which  has  only  two  of  its  sides  parallel. 

JVlnu  (he  sides  of  a  quadrilateral  figure  are  parallel,  it  is  termed  aps- 

mllalogram.    A  line  joining  two  oppoaita  or  alternate  angles,  is  called 

-  diagonal.    Any  figure  having  several  angles,  and  consequently  several 

'dea,  ia  naoied  a  polygon. 

Solid  figures  include  the  tetraadron,  or  four-aided  solid,  which  is  the 

oat  simple  figure  ofthe  kind,  as  no  solid  can  have  less  than  four  sides; 

id  when  tbe  number  of  sides  is  greater,  the  figure  is  called  either  b 

iiaedron,  an  oclaedron,sn  icosaedron.  ora  polyedron,  according  to  the 

unbar  of  its  aides. 

AmODg  polyedrons  maybe  distinguished  the  prism. formed. a^ 'V< 
'""         only,  or  of  parallelogramB  and  two  poVj^Dna  oi  ■oa^  ^"' 


of  (idea.  AnuBg  Oie  priama  idb;  be  specified  the  p*rslM«t^Kdt 
fermed  of  six  paraUelogTama  only  ;  and  Hmoo^lhe  parBlleLopipedtDULj 
be  Qoticod  tha  cube.  Laving  aii  aquere  aidefl-  Tbe  pyramid  ia  a  poJy»* 
dron,  formed  by  a  polygon  of  any  kind  aa  its  hiiae,  and  aa  many  brisB- 
gnlar  planes  as  Che  polygon  baa  aides:  tlie  poiiit  wbere  all  the  triaagn- 
lar  planea  unite  ia  called  the  aumtait  of  the  pyramid.  Tlie  moat  aimpla 
solid  of  this  kind  in  Che  tetrsedron,  or  four-sided  pyramid,  including 
the  base. 

The  terms  spliere,  cylinder,  and  cone,  designflte  solid  figures,  bsvin^ 
aither  entirely  orpBrUnlly  cuTved  anrfaces  ;  and  the  eipreSBioiiB  spbo< 
nnd,  cylindroid,  end  conoid,  era  uaed  to  denote  aolid  figures,  more  ol 
law  resembling  a  aphfire,  a  cylinder,  or  a  none,  raspeclivoly. 

Natural  Pbiloaophj  ia  the  science  which  eiplaina  the  eausoa  of  tha 
vaiiouB  properties  of  bodies  in  general,  sa  shown  bj  the  eliangea  wbicb 
tbey  undergo  in  any  particular  circumatances.  or  the  cbangea  wfaicb 
Chaj  may  occaaion  in  other  hodiea,  under  cerlain  circumstances.  Hm 
prorinoe  of  natural  phxlos'iphv  doea  not  extend  to  the  explanation  of 
tbe  doctrine  of  final  causes,  or  the  immediate  and  poaitive  reasona  why 
particular  affeels  lake  place,  or  why  certain  bodiea  posaesa  the  pocnliaj' 
properties  with  whicb  they  are  endowed  ;  but  it  enahlea  ua  to  appre- 
ciate the  conseijuences  of  any  body  being  placed  in  a  given  aitualion, 
or  to  foreCel  nhiit  will  be  the  result  of  any  body  acting  on  anotlier  in  ■ 
certsiQ  manner.  I'hua,  we  know  nothing  of  the  ubaolute  cbusd  of  grft- 
Tity  or  weight,  which  ia  that  property  of  bodies  in  oonBequeoce  of  which 
thsy  fall  towarda  the  aurfaCB  of  the  earth,  if  raiaed  in  the  air  by  any 
Ibrce  and  then  dropped  ;  but  natural  philoaophy,  while  it  leHTei  us  in 
ignorance  of  (be  final  cauae  of  gravily,  enablea  ua  to  determine  a  TUt 
Tariety  of  carious  circumstHnoea  with' respect  to  falling  bodies.  Thua, 
it  ia  fonnd  that  a  heavy  body,  as  for  ioatsnce  a  marble  or  a  muakel-ball, 
dropped  from  the  balcony  of  St.  PbuI'b.  would  foil  faster  aa  it  ap- 
proached near  lo  tbe  ground  than  it  would  in  pasain^  through  the  for- 
mer part  of  its  descent;  and  Che  rate  at  which  a  body  falls  through  a 
given  apace  has  been  ascertained  by  eiperiment,  and  can  be  calcnlaled 
with  the  utmost  eiactneaa.  80  aa  tu  the  final  cause  of  electric  and 
magnetic  attraction  various  opinioDs  hare  been  advanced,  and  it  is  atUl 
involved  in  obscurity  ;  but  we  know  by  experience  that  a  magnet  au 
tracts  iron  with  considerable  force,  and  that  nthin  bar  of  m^neric  iron, 
■cGuiately  poised  on  its  centre,  will,  when  left  free,  point  towards  tha 


doitii  wilh  one  end,  and  tomrds  t)iH  south  with  the  other;  Ud  ^^H 
Aa  luter  propertr  depends  Che  nciiDn  of  the  mariner's  compun  ^H 
bjr  meaBs  nf  which  the  sailor,  craasia^  the  pathless  sun,  is  able  «i  , 

MMttiin  in  what  direction  his  vessel  is  steering;  and  to  this  litUe 
BWtnunBnl,  which  wub  unknown  to  theanoiBnts,  we  are  in  apreatdftgree 
iBdebted  for  (be  iuiponant  discoreries  of  modern  OBvigatars.  Whether 
light  and  best  are  owio^  to  mBtter  ur  motion  bas  bei^n  left  among  (lis 
anesticins  which  philosophy  hss  hitherto  been  unable  aatlsftiotorilj  to 
dsotde;  but  the  effeat  oflight  on  bodies,  whether  opaque,  transparent  , 
or  lemi-transparent,  the  velocity  with  which  it  passes  through  spao^  J 
(nd  the  muiner  in  which  it  is  modified  hj  optical  glosses  of  rarioOi  1 
lilniu,Dte  among  the  numerous  interesting  and  surprising  properdeBrf  'J 
Xght,  which  natural  philosophy  has  Uid  open  to  our  inresligatiOaV  f 
tad  which  we  are  enabled  to  lerify  end  illuitrate  b^  means  of  mBthftl  | 
■■Miinl  calculation  ;  and  the  phenomena  of  heat  and  cold,  with  whii 
lm  are  so  intimately  familiar,  from  the  aensBtions  they  occasion,  ■ 
4qDaUy  hidden  as  to  their  final  canse,  and  equally  wonderful  and  n 
nans  m  to  their  effects,  tlie  latter  of  which  ulune  afTord  an  ample  field 
lor  the  experiments  and  dedui^tionB  of  the  philosophical  inquirer. 

Astronomy  presents  a  boundless  lield  lor  researeh,  andnotwitbstand- 
10;  it  has  been  explored  willi  signal  euccess  in  modem  time 
aost  important  discoveries  that  have  been  made  only  serve 
limtly  to  evince  that  Cbe  wiseet  and  most  successful  invest 
.Aa  phenomena  of  the  science  have  merely  entered  on  the  c 
feMwledge,  and  enabled  us  to  form  some  imperfect  estimatE 
IkoimdleBB  regions  which  display  an  iueihaostible  field  for  liiture  s[ 
WdMioil  and  inquiry.     It  has  indeed  been  as( 
dw  planetary  sod  other  bodiaa  which  eonstil 
iaduanaed  by  the  same  moving  power  as  thi 
■1  acorn  to  the  ground,  whim  detached  froi: 


^1 


respj 


id  that  the  attractive  fan 


le  oak  on  which  it 


.e  f»U  of 


ID  the  Buid  parts  of  the  terrestrial  globe 
inhabit,  produoing  the  tides,  may  be  estimated  with  accuracy,  and 
IJBCMdto  mathematica]  culoulation.  Buttbere  are  numberless  topics 
inqiiirj — vrith  regard  to  the  constitution  of  the  sun,  Che  nalDre  of 
nieta,  and  the  causes  of  their  peculiar  motions,  the  kind  of  medinm 
''Whicfa  occupies  the  space  beyond  the  atmospheres  of  the  earth  and 


Vi 


pUneU,  and  the  relslioiis  thai  may  exist  betireeD  oat  aiJar  lyBtem  (qA 
tbe  numUerleas  other  syatems,  the  exigteoce  of  which  may  be  iiilem4 
fram  the  ippeDrance  of  the  starry  beaieoB — ^which  miiy  for  an  indefi- 
nite period  serve  1o  eiecciae  thetaleetBofiDeii  of  genius  and  leanung.. 
but  ooBcerciin^  which  we  caa  bardly  hope  to  atfjiin  uiiy  knowledge  ap- 
proachiug  to  certniuty.  till  disooTeriea  and  inTenlions  in  oChec  BoiiBue* 
proride  us  with  mesas  for  investigating  the  works  of  nature,  as  muoh 
superior  to  cliose  wliicb  we  at  present  possess  as  our  inslrumeDts  of 
research  surpass  those  emplayeU  bj  the  ancients. 

Ahoiidaiil:  itlustratianB  of  Uie  actiyity  of  the  human  mind  migbl  be 
drawn  irom  astronomicul  discayeries,  which  as  (hey  relate  to  i^gecla. 
at  BD  immense  diatuuce  tiDin  usi  and  only  co^izable  hy  the  eense  nf 
sight,  may  b«  regarded  as  conslituong  a  department  of  knowledge 
intecmediate  between  those  sciences  which  are  founded  on  reasoniiig 
alone,  as  Iq^ic,  mntbemnCics,  and  metaphyalcs,  and  thv  scienoes  whiah 
refer  to  the  properties  of  such  bodies  as  (hose  wbidh  constitute  tbe 
planet  we  inhabit,  or  which  are  ho  intimately  connected  with  it  as  la 
come  within  the  immediate  sphere  of  our  observation  and  eipeiienoa. 
These  latter  are  the  peculiar  objscta  of  wbat  hare  been  termed  tbe 
physical  sciences,  from  tbe  Greek  word  tvus,  nature  j  and  they 
are  thua  designated,  because  they  treat  of  tbe  properties  of  natnrsl 
pToductiona,  or  of  natural  phenomena. 

Tbe  illustrstion  of  thig  deparlmeDt  of  humsa  bnowledKe,  and  of  tba 
means  which  haie  b«en  employed  to  extend  and  improre  it,  with  («' 
ferenoe  to  the  arts,  whether  corioua,  otnamental,  or  useliil,  arigimi- 
iog  from  physical  science,  or  the  resnlt  of  the  eitonination  of  tbe  wtnkl 
of  nature,  will  Furnish  the  subjects  of  discussion  to  which  the  attentioa 
of  the  reader  is  invited  in  the  ensuing  essay*  on  the  dilierenl  brancbcs 
of  DBtural  philosophy. 

"  The  proper  business  of  philoBophical  inquiry,"  says  Sir  John  Lea- 
lie,  "  is  to  study  carefully  the  sppearnnoes  that  anccesaively  eme^, 
■nd  trace  their  mutual  relations.  All  our  knowledge  of  external  sbjeoH 
being  derived  through  the  medium  of  the  senses,  (here  are  onlj  two 
ways  of  inveitigaiiog  physical  facts — by  tJaenation  m  aperinunl.  Ob- 
aeryation  <a  confined  to  the  close  investigation  anc 
I  ion  of  tbe  phenomena  which  arise  in  tlie  coarse  □ 
mast  consists  in  a  sort  of  artificial  selection  and  cu 


INTHOIIUCTIOJI . 


«,   for   t 


»  pnrpme  of  y 
*"  Tho  range  of  obser' 


robing  miautebf  after  the   diSerentf     i 
of  Ihe  Bpeclitory 


ition  is  limilBd  by  til 
16  can  Mt&an  expect  tn  folloir  natara  ibroagh  her  wini  „ 
bate  paths.  Those  ohservntiona  are  of  the  oidsCtbIus  which  inalud* 
b  rdations  of  time  and  Bpure,  and  deri  re  greater  aicety  from  theiv 
■prinng  a  maltiplied  recuireoce  of  the  same  events.  Hence  AitnK 
Way  baa  attained  a  macb  bigbor  df^ree  of  perfecdoQ  than  the  othnt 
'—■-'  sciences. 

leriment  is  a  more  efficient  mean  tbun  obeervntion  for  explor- 
lecreta  of  nxture.    It  raquires  no  conutnnt  fatigue  of  watching,     ' 
SB  in  H  great  meaaure  under  lbs  control  of  the  inquirer,  who 
m  at  will  either  hasten  or  delay  the  expected  event.     Thougli     I 
dior  boast  of  modern  limes,  yet  the  method  of  proceeding  by 
ant  was  not  wholly  unknown  lo  the  ancients,  who  seem  1(  ' 
d  their  notions  of  it  under  the  veil  of  allegory.     Praltu. 
le  mutable  end  changing  forms  of  mnCeriBt  objects;  and  tM    I 
wsitive  philosopher  was  counselled  by  the  poeta  to  watch  that  slip*   J 
'■J  dnmoo  when  Blumbeiieg  on  the  ehore,  to  bind  him,  and  comf-* 
to  relootint  captive  to  reveal  his  secrets.*  I'liis  gives  a  livelypicti 
'"'-^  oantious  but  intrepid  xdvancea  of  the  skilful  siperimentet.     ni 
W  confine  the  working  of  Nature — be  endeavours  lo  distinenid 
d  principles  of  aotioo — be  seeks  Co  couceDtrate  the  prodomi^ 
t— and  labours  to  aielude  as  much  as  possible  every  distur1>- 
nee.     By  all  these  united  ptecautiona,  >  conclusion  i>  oiK 
d  nearly  unmixed,  and  not  confused,  as  in  the  ordinary  train  of 
a,  by  n  variety  of  iulermi  ogled  effects.     The  operation  of 
;  CBQSe  is  hence  Beverally  developed." — Intradtteciim  U 
tal)  oj'  natural  Fhibs-phti. 
-  ibject  of  Nsturul  Fbilosopby  may  be  stated  to  be  the  study  of 

e  of  Ktidi,  liquidi,  ain  or  gaits,  and  those  which  have  bean 
id -iiiiiiiereibU  01  dtiereal  Jlyidi,  Ilia  also  within  the  provinca  of 
lyaioal  seiancas  to  eiaoiine  the  meahinical  action  which  bodiei 
irdiffarent  sCstes  may  exercise  on  each  olber,  and  the  different 
nected  with  their  movements. 
MnriiMii  effects  of  the  motions  and  operations  of  bodies  depend- 
•  V.Virgll,  Georeic,  1 


nM  HfTBODUCTIQH.  ^^^ 

btg  on  AeiT  geneal  properliea  bave  beace  been  mads  tbo  fbandatiMr 
of  lererHl  distioct  sciencea  or  brancbea  ef  kaoirledge,  nhiob  luv* 
beeniKuallyclitsBed  with  reference  to  the  nevernl  fonusof  mutter  vailed 
■olidg,  liuuids,  iDii  airs,  or  to  oertnin  kinds  of  pbeaomanB,  suppoMil 
to  depend  reapectively  on  the  preaonra  and  action  of  Bome  impondBr- 
ablo  moJiKcatioD  of  mailer  or  ethereal  fluid,  to  which  have  been  la- 
fecred  tbeimoRietrica),  uptioal,  electhcot,  end  magnetic  phenomeni. 
Hence  a  treatiae  oo  Matural  Fbiloaophy  may  be  eunTenieutly  arranged 
under  the  different  depariments  of  (I.)  MtciiANica,  or  the  doclrine  of 
equilibrium  and  motion  as  reapeets  solids,  including  Stalica  and  Pbo- 
ronomios  or  Dynamics  ;  (8.)  livuBOSTATica,  including  Hydrodyoamiaj 
sr  Hydraulics,  relating  lo  the  equilibrinm  and  molioQ  of  liquids;  (9.) 
FnXuuATics,  including  Aenslatica,  and  Aiinidynamica,  or  the  efi«ct 
of  forces  on  air  end  other  gaaeona  fluids;  (4.)  Acoustics,  or  the  theory 
of  aDund,  comprehending  abaerTBtiona  OD  musical  and  vORnl  sounds ; 
(6.)  pYBOKosioi,  or  the  iuTeatigatioo  of  the  cauaea  and  effects  of 
-beat,  or  moro  generally  of  change  of  lemperature  ;  (6.)  Phqionomic«, 
or  Optics,  including  the  tiienry  of  light  and  vision ;  (7.)  Ex-ecthd- 
luosETUH,  wbioh  treuts  of  (he  causes  of  electric  and  magoetic  attraih 
tion  and  ra])ulaiot>. 

The  idea  of  absolule  or  in/iTtile  ipaei  is  obtained  by  abstraction,  oi 
eoDCeiTing  in  imagination  the  absence  of  all  bodies,  or  of  sU  tbe  pio- 
pertJM  of  mattBr,  Every  pari  of  this  space,  or  rnther  of  this  imaginuy 
Toid  or  TBOUuni,  which  can  be  coneeised  to  be  included  in  any  way 
between  limits  is  called  Telaiive  ipace.  The  term  ftadu  ia  used  to  de»g- 
nate  limited  eiteaaioii,  lo  which  are  altaBhed  any  of  the  propertJes  of 
matter.  That  which  distinguishea  in  genera]  a  simply  eitended  boij 
from  a  void  space  or  vacuum  is  the  pro|Hiny  of  impenetrability,  that  if, 
tbe  quality  in  eoiiBequeope  of  wliicb  a  body  occnpies  a  certain  space, 
■nd  eicludes  fiom  it  all  other  bodies. 

We  acquire  a  knowledge  of  the  properties  of  matter  thiougfa  our 
sensea,  either  by  immfdiate  obaercation,  or  by  eiperimental  inqaiiy 
with  the  aid  of  instruRienta.  The  aenses  of  sight  and  feeliug  afford  ils 
abundance  of  information  concerning  the  properties  of  bodies  around  na, 
bot  onr  knowledge  may  be  vastly  extended  when  we  aaaist  the  fanner 
by  means  of  optical  glaasea,  whicb  open  new  worlds  to  our  view,  gi 
oben  by  means  of  delicate  inatrumenta  we  measure  degieea  of  Mq^_ 
perature,  electricity,  or  msgiielic  power.  ]^M 
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1  stone  or  wood,  presant 
jr  handled.  They  nmy  I 
eSBTve  without  dilGcul^  the  litres 
ch  they  poaseea  nnturBlly.     Snad,  powdera, 


It  but  li 


united  togethe 


11 


■are,  the  individual  luioute  i_ 

■alid  nutter,  tuid  ibough  readily  dispersed  by  forcD,  tliey  may  be 

Hed  in  heaps  more  or  less  CDusiderabie. 

Liquid  aubalsaces  are  those  which,  like  water,  mBaifest  iramediately 

graaped  between  the  Gugers  lilie  aolid  bodiea,  nor  can  they  be  coliesttA 
IB  heapn,  or  made  to  take  any  ptirticulai  figure,  except  chat  of  the  T— r.^M 
■el  in  which  they  may  be  included.  ,i  ■ 

Aerilnrm  fluids  are  in  general  inriaihle  bodiea,  which  like  the  aW  ■ 
unding  ua  cannot  he  jelc,  and  s9brd  no  eridenoe  of  their  present*  ' 
I  sense  of  touch  when  in  repose.  But  their  eiiBtence  ia  aacor- 
1  wilb  abundant  certainty  when  they  are  in  motion  ;  thus  no  one 
Ban  donbt  the  materiality  of  Btmasjiheric  ftir  after  ex perienciug  Che  vio- 
Biertion  necesaary  in  waiting  aguinat  a  lii^li  wind,  Aeriform 
»  may  be  confined  in  Teasels,  whence  they  eiclude  liquids  or  other 
ea,  demonatrating  their  impenetrability,  though  they  readily  be- 
>  compressible  to  a  great  extent,  but  there  are  litnile  beyond  which 

I  it  w  imposaible  to  redui  e  them. 

II  IncoBicihle  or  imponderable  fluids  do  not  ninniresi  their  existence 
^tbeeiliibition  of  impenetrability  or  weiF;ht,  which  have  usunllybeen 

'  jegatded  aa  eaaential  properties  of  matter  i  and  they  must,  therefore. 
■  ba  ooDsidered  as  hypothetic  ally  admitted,  in  order  to  acoouni  for  cer- 
'  tain  phanomena,  which  appear  to  depend  on  the  presance  and  neiion  of 
~  n"  more  ethereal  meuin.  That  light  is  such  an  imponderable  fluid, 
■ting  from  the  sun,  wiis  one  of  tlie  generally  received  doctrines  of 
I  Newtonian  Philosophy ;  the  caloric  or  matter  of  heat  of  the  French 
IS  anppoEed  to  be  a  fluid  of  a  limilar  '  * 


rnmg  magnet. 


and  elect 


mploypd  the  tarms  magnetic  fluid  and  electric  tiuid  to  desig- 
inknown  eauaea  of  the  phenomena  tlipy  deBcribo.     At  present 
W-  it  i*  perhaps  the  more  prevalent  opinion  of  philoaophlc  iai\uVEei«  l^vi^ 
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there  exiiti  nt  leoBt  one  land  of  ethereal,  impoDdenbla  medium,  At 
different  modifications  and  mDi1<i<a  of  actian  of  which  gire  riae  to  the 

repnlaioD.  Thus  it  may  he  supposed  iliot  as  aound  ia  conreyed  to  our 
ean  by  the  vibraliotis  of  the  air,  bo  light  affects  onr  eyes  through  the 
immensely  more  rapid  vibrations  of  the  electrO'tamiuuue  ethei.  The 
■liatence  of  sacb  a  medium,  maDifeating'  neither  weight  nor  impene- 
trability Eapable  of  being  appreciated  by  the  most  delicate  instrumenu, 
may  be  fairly  inferred  from  the  moremeniB  which  take  plac«  in  bodies 
nnder  certain  circumstances  when  all  the  ponderable  and  coercible 
Iciada  of  matter  have  been  carefully  excluded,  and  theao  morementi 
therefore  mnat  be  ascribed  to  the  presenile  of  an  ethereal  influence, 
which  can  penetrate  glass  and  other  dense  subetaoces  which  are  imper- 
TJous  to  the  rarest  genes  or  moat  attenuated  luid  subtite  vapoura  with 
tha  existence  of  which  we  are  acquainted. 

But  sDch  spemilationa,  if  not  rntliet  curious  than  useful,  would,  if 
eitended,  be  incompatible  with  the  plan  end  objects  of  the  present 
work.  Therefore,  though  it  would  hare  been  improper  to  have  omitted 
all  mantion  of  them,  they  must  be  dismissed  for  the  present,  with  tlw 
preceding  ahoil  notice  ;  especially  aa  opportunities  for  resuming  tben 
will  occur  in  some  of  the  enauii^  Ireatiie«, 
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II.  N*E8T  GUERB  D'SFFOBTB  QVH}Vi  N*AIT  INUTILSMBNT  TBNTXS  POOB  DSCOOVRIR 
LA  NATURE  DES  FORCES  $  NOUS  lONORONS  COMPLETEMBNT  LA  CAUSE  DB  CBTTB 
MODIFICATION  8INOULIERE,  BN  VBRTU  DB  LAQUBLLB  LA  MATIBRB  DEVIBNT 
ANIMEB.  MAIS  HBURBUSBMBNT  LES  PRINCIPB8  DB  LA  MRCANIQUB  NB  SOMT 
MULLEMENT  1NTERE88BS  A  CBTTB  DECOUVBRTB,  BT  |(OUS  P0UV0N8  T  RENONCBB 
SANS  RRORET8.  LBS  FORCKS  NB  NOUS  IMPORTRMT  .QUE  PAR  LR8  MOUVBMBNS 
QU'ELLES  SONT  CAPABLBS  DB  PRODUIRR;  LBURS  RPFETS  BT  LBS  LOIS  DE  LBUR 
ACTION  SONT  LBS  8RULES  CHOSBS  QUE  L*ON  CON8IDBRE ;  LA  MECANIQUB  EST  LA 
SCIENCE  gUI  A  POUR  OBJET  DB  PRBVOIR  ET  OB  CALCULBR  LBS  BPPETS  DBS 
FORCRS. 

Francaur  TraUi  de  Micanique  Elhnentaite. 
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Thiee  i»  porhaps  no  department  of  Natural  Philosophy  of  snrh. 
ilanUTS  impottaaae  as  Mechanics,  aiace  its  princtplea  are  founded 
on  those  properties  of  matter  whioh  are  among  the  most  obvions  and 
euentiBl, — namely,  Wohility  and  Weight  i  and  the  effects  produced 
19T  the  opetation  of  these  properties  are  eo  didtiocl  and  certain,  thai 
&ey  on  be  subjected  to  mathematical  calculation.  Hence  Dr.  Waflis 
kis  deaoribed  Mechanios,  with  some  degree  of  propriety,  as  the  "Geo- 
netry  of  Motion." 

The  dtwignation  of  liiahranch  of  knowledge,  like  roost  other  scien- 
tific terms  is  derived  from  the  Greek  :  the  word  Mijvat^fl,  signifying 
» dfsatiu ;  and  Mechanics  may  be  considered  ta  the  Pliilo&apbir  of 
lUchineiy,  or  the  Theory  of  Powers  or  Forces,  Manynrilers  Have 
[Mted  of  tJiis  science  under  two  heads,  regarding  these  principles 
rhich  lelate  to  the  gravity  or  weijiht  nnd  to  the  Bquilibiiiiin.  o?  \«tt»n. 
W  llie  powers  which  preserve  bodies  in  the  slate  ot  iam,iui  Ctia  ^'^^etx 


HECIIANICR. 


sf  the  docdine  o(  Statics  :*  und  tbe  priociplM  reUtiog  lo  the 
navemant,  or  the  forces  producing;  motion,  acting  by  meaBa  of  aalidii 
M  forming  ^e  subject  of  tbe  doctrine  of  Uyuaaiics.f  But,  aa  tbe 
ztive  states  of  bodies  at  rest,  and  bodien  in  motion,  may  be 
itly  conaidered  as  the  consequenceB  of  different  iDodei  of  action, 
of  tbe  same  cnuaes,  they  may  be  instructirely  illustrated  bj  shQwiug 
ibeir  relationa  U  each  otiier,  for  which  reason  it  will  be  proper  to 
treat  of  them  in  conjunction,  rather  than  separately. 

From  thin  etatementof  the  nature  nod  objects  of  Mechanim,  it  will 
'at  once  appear  that  ve  have  by  no  means  overrated  the  importance  of 
.«n  aoi[Baintanca  with  thia  science  to  the  Student  of  Natural  Philoso- 
^phy.  Fotall'  motions  are  more  or  less  subject  to  the  taws  of  Mecha' 
'aics,  »nd  nithoui  a  knowledge  of  tfaoie  laws,  it  is  imposaibls  to  appre- 
ciate the  effects  or  calculate  the  eonsequencea  of  those  motionB  of  tbs 
celestial  bodies  which  ncoaaion  tbe  phenomena  of  Astronomy ;  or  of 
tbose  properties  of  finids,  wbelhei  liquid  or  gaseous,  on  which  depend 
tile  principles  of  Hydrostatics,  Hydraulics,  and  Fneumalica ;  or  in- 
deed of  any  circoms lances  affecting  the  ponderable  forma  of  matter. 
And  those  sciences  which  relate  lo  Heat,  Light,  £lectro- magDetism, 
Vital  Power,  either  in  Atiimala  or  Vegetables,  or  any  other  pheno- 
nena  which  appear  to  he  independent  of  tbe  force  of  gravilntiop,  yet 
derive  most  important  aid  from  Mechanics  ;  for  it  is  chiefly  hymeanaof 
nschanical  instruments  t^iat  the  infiuence  ofhcat,ligbi,  electricity,  mac- 
«tiam,  or  tbe  effects  of  vitality,  as  in  the  motion  of  the  blood  in  am- 
ttala,  or  of  the  sap  or  other  fluids  in  Togetables,  can  be  estimated. 
,  Slechanics  may  therefore  be  considered  as  the  basis  or  groundwork  oE 
'  &e  other  Pbysjcal  Sciences,  or  braocbes  of  Natural  Fhilosopby. 

Preiiously  to  entering  on  the  consideration  of  the  Theory  of  Mecba- 
aical  Powera,  it  will  be  necessary  to  ehow  tbe  nature  and  effects  of 
;  lAobility,  or  the  capacity  for  motion,  and  of  Weight,  or  the  graritatiou 
at  bodies, — as  these  are  tbe  general  properties  of  matter  on  whioh,  as 
already  stated,  the  phenomena  of  nlecbanica  depend. 


yf 


E  OF  RELATIVE  MOTION-.  9 

tetertetie  lo  ilg  gitnstion  simply  snd  JiiiRly  ;  or  m  its  relmtivB  place,  or 

■ituatiaii  with  respect  to  other  bodies.  Tlis  relat[*s  situation  of  ■  body 

Kay  be  changed  either  hy  its  owa  motion,  or  by  the  motion  of  llie 

bodies  iroann  it.    A  body  may  exhibit  (he  sppearaace  of  ectusl  motion, 

vbsolute  change  of  place,  while  it  remains  at  rest,  its  change  of  place 

ii^  only  relative.      Thus,  the  tnoon,  when  a  train  of  thin  fleecy 

luds  IB  passing  over  its  (acB,  if  wealtentiTely  fix  onreyeson  it,  seems 

more,  and  the  clouds  to  atand  still,  though  this  is  only  an  apparent 

QtioD  of  (he  moon,  in  a  direction  contrary  to  that  in  which  the  clourla 

tre  really  moving.     And  if  we  hold  n  common  mngnifying- glass  a  fen- 

Inehea  before  the  eyes,  and  move  it  backwards  and  forwards,  looking 

Ihroush  it  at  any  object,  as  an  inkstand  or  knife,  which  rema' 

arising  from  the  actoal  morement  of  the  glass. 
-  Mobility  is  the  capacity  of  a  body  for  change  of  place  by 
■iiotian,ittlieTeroreiDlera  the  capability  of  real  or  actual  motion, 
of  relative  motion  only.  Yet  this  change  of  place  may  tiomelimes 
teadity  estimated  by  tbe  conaeque at  relative  motion  wliich  iccompaniaf 
it.  Ijini,  a  poison  ssiling  in  a  boat  on  a  smooth  stream,  or  going 
■wiAly  in  a  coach  along  an  even  road,  woold  hardly  perceive  the  mo- 
tioo  of  the  vehicle  except  by  the  change  of  scene,  and  trees  or  huild- 
bgs  on  the  banks  of  the  stream,  or  by  the  road-side,  iroiild  aesm  to 
ioove  in  an  opposite  direction  from  that  of  the  leal  motion  of  the  boat 
«r  carriage.  Every  tolerably  woil-informed  person  now  admits  that 
^a  earth  moves,  and  the  sun  stands  still ;  hut  the  motion  of  the  for- 
•wr  is  not  perceptible,  and  the  apparent  daily  morion  of  tha  latttr. 
being  so  obvious  to  oar  senses,  was,  till  within  the  last  tbree  centuries, 
ion,  the  esistenco  of  which  could  not  oven  be 


A  body  in  the  atato  of  rest  would  always  remain  unmoved,  if 

Brvar  Rubjected  to  the  influence  of  a  moving  force,  and  on  tha  contrary, 

in  body  when  set  in  motion  would  go  on  to  move  for  ever,  if  it  met 

(iritfa  no  opposition  to  its  prigreaa.     It  may  seem  inconsialent  with 

doctrine  that  auy  body  set  in  motion,  within  the  range  of  our  oh- 

"jo,  will  continue  to  move  wi[hoiit  a  fresh  impnlse  for  a  time, 

length  will  slacken   its  speed,  and  finally  resume  tlia  state  o£ 

Thus,  a  cannon-ball  will  pass  aoertain  (liBtancBi«\ieii  4\»t'ta.t^»&. 

the  mouth  of  a  canoon,  bat  if  it  does  not  atiite  a.soUi^i'Ali  '■'^^ 
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roporliolied  to  tlie  torce  nsed  in  throiring  it.     In 
miiar  cases,  the  termination  of  the  motion  of  tin 
ing  chiefly  to  two  causes.     The  first  of  (hese  is 
^._     .  insrds  tbe  earlli's   centra,  common  to  all  bodiaa,    and 

wbich  conalBDIly  tends  to  keep  thum  at  real,  pressing  on  tlis  snrface  of 
(be  earth  with  a  degI>^e  of  farce  proportioned  to  their  weight  no d  baXk; 
er,  if,  as  in  the  cnse  of  the  cBDnon-bBll,  Ihef  pass  through  the  air,  llie 
force  of  graritation  then  tends  to  draw  them  eoutinuallj  nearer  to  lis 
esitb,  till  at  length  they  fail  and  rest  open  it.  But  the  eeccmd  and 
more  obvious  cause  of  the  decay  of  motion  is  the  [esistanca  of  the 
medium  through  which  the  moving  body  takes  its  course  ;  and  thuSi 
a  body  moving  thraugii  the  sir,  like  the  cannon-ball,  gradu^y  becomM 
less  and  less  able  to  pass  forward  till  its  moving  force  is  deatroyed. 
It  will  be  readily  perceived  that  the  leaistanca  of  the  medium  to  tlie 
body  which  paasss  through  it,  must  depend  much  on  its  density  or 
consistence  :  thus,  a  bait  driven  by  a  certain  force  wauhl  pass  further 
through  ihe  air  than  through  water,  end  further  through  tlie  latter  than 
through  a  denser  fluid,  ns  brine  or  syrup,  or  through  sohds,  as  aand  or 
clay.  Another  circumstance  which  will  alfecC  (he  motion  of  a  body, 
wi^  relation  to  the  medium  throagh  which  it  travels,  must  bo  taken 
into  the  aocoont,  and  this  is  the  form  of  the  moving  body.  A  amall 
body  will  meet  with  less  reaiatanoe  than  a  lai^e  one  of  tlie  same  waigbt; 
and  a  body  wbicli  presenta  an  extensive  surface  to  the  medium  through 
which  it  moves,  will  be  retarded  in  ila  paassge  much  more  than  one 
with  a  small  surface.  A  sheet  of  paper  stretched  out  to  its  liill  extent, 
and  Bufierad  to  fall  a  few  feet,  and  then  folded  op  into  a  small  compais, 
and  again  anSered  to  fall  from  the  same  height,  wiU  afl'ord  an  eiempli- 
fication  of  the  reaistanoe  of  the  atroosphera  to  falZing  bodies  ;  and  an 
illuainttion  of  a  diffeteut  kind,  but  to  the  same  purpose,  may  be  drawn 
&om  the  adiaulnge  which  sharp-edged  and  pointed  instrumeati  have 
over  blunt  ones  In  penetmtiag  hard  or  tough  substances.  A  body 
moving  in  contact  with  a  aolid  substance,  as  when  it  is  rolled  oi 
dragged  along  the  ground,  is  also  affected  by  friction.  This  obstaolo 
to  motion  is  proportioned  to  the  roughness  otemootlmeas  of  the  soTfecs 
ever  which  the  body  passes :  thus,  a  marble  thrown  with  any  given 
force  will  run  a  certain  distance  over  a  level  gravel-walk  i  it  wili  be 
driven  to  a  much  greater  distince,  by  (be  same  force,  along  bd  ena 


;  aad  still  fiirtlier  Blong  smoolti  ice.  Here  af^n  the  form  of 
e  moTing  bodj  bas  much  ioUaeace  on  (he  velooity  and  eitsol  of 
Ltaoticm ;  for  the  Cerrei  the  points  of  contact  bmween  the  aurface  nod 
wUnt  which  pusHBs  oyer  it,  the  mote  fi-eely  will  motion  Isfce  iilare. 
1'  All  bodies  subject  to  our  control  are  exposed  to  tjie  operation  of 
■ijnTitf,  in  Tsrious  degreea,  and  from  thia  aauae,  indopendenl  ol  tlie  is- 
"  '  !8  of  the  medium  which  thoy  IraTBTse,  or  of  the  effect  of  friction, 
.  notions  cannot  be  indelinil^ly  continued,  hut  must  decline  end 

V^rminate  in  n  given  time,  accordiag  to  dm  ciicumstancea  in  which 
liihejr  are  pUced.  But  though  perpetual  motion  cannot  be  flihibiled  bj 
Ftaj  methods  which  human  akill  or  indnatiy  can  contrive,  yet  wa  have 
reontiiitiBlly  before  ns  the  display  nf  bodies  which  have  been  morinj; 
■  *lrith  undiminished  velocity  for  ^es  past,  and  which  no  power  but  that 
M  %tiiuli  goremiall  nature  can  prevent  ^m  movinitia  the  none  manner 
K  '&!  ioQumerable  ages  to  come.     The  bodies  to  which  wo  refer,  aa  wiH 

fcbBblJ  be  Bnticipnled,  are  tLose  whose  motions  are  the  objects  of 
MHencs  of  Astronomy;  and  though  that  subject  will  not  come 
|>!linder  our  immediate  discussion,  yeit  the  general  nature  of  the  tbTCU 
m  the  revolution  of  the  celestial  bodies  will  be  subse- 
U^entl;  explained,  and  the  causes  of  their  Qaitbim  and  uninterrupted 
^^otion  will  be  illustrated. 

'   That  state  of  bodies  just  described,  in  which  motion  ut  the  cessation 
'  t  motion  can  tube  place  only  in  coDiequimce  of  a 


iuallj  opposed  ta 
Eo  that  if  a  given 

1  garden-rolter  is 


ia  required  to  make  a  body  move  with  a  ci 
le  will  be  required  to  destroy  its  motion.*   ' 

ig  drawn  along  a  level  grass-plot,  the  exertion  necessary  to  atop  it 
luddenly,  at  any  given  point,  would  be  precisely  the  same  as  would  he 
Kquiied  to  move  it  backward,  if  it  were  at  rest,  and  of  course  the 
ktme  diat  was  applied  to  set  it  in  motion  at  first. 

Any  force  applied  to  produce  molioii  may  be  called  Power,  or  im- 
bulaej  which  may  be  either  continued,  as  in  tlie  case  of  preasore,  or 
'  ting,  as  iathe  case  of  impact  Orpercaaaion.  Whatever  opposes 
w  as  to  retard  the  moving  body,  deatroy  its  motion,  or  drive 
imtrai^  direction,  may  be  termed  Keaiatance,  and  its  eS'ecti  re- 
't  ia  one  of  the  laws  ot  ino'ono. 
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atti  renction  art  alwgyi  eqnil  and  contnrj.  Tbiu.  in  prefisiog  down 
the  empty  acole  of  n.  balance,  while  tiif  otber  srale  held  a  five-pouiul 
weight,  it  is  nbTJous  that  the  foice  exerted  ntusl  be.eqasl  to  five  poands ; 
but  if  ODc  scale  hod  been  landed  with  fifteen  pouods,  and  the  ollin 
vitb  nnlir  ten,  the  equilibrium  migfai  »IiU  be  preBcrred  br  preiaing  on 
(he  latter  wilh  >  force  erjtiRl  Id  five  ponndi  ouly.  And  if  a  mio,  sit- 
ting in  a  boat  on  b  canal,  draws  townrda  hiJd,  by  meana  of  a  rope^ 
another  boat  of  equal  weight,  they  will  meet  ai  a  point  balf-way  Iniia 
the  placea  whence  they  begim  to  move.  Suppose,  bowSTer,  the  aecoud 
boat  to  be  BO  laden  as  to  be  twice  the  weight  of  tbo  Gral,  it  must  man 
the  aloiteBt  of  lite  two,  and  cousequentl y  the  ]ioiat  of  meeting  would  be 
nearer  the  second  boat  than  the  first.  If  a  body  in  motion  strikes  ano- 
ther body  of  eqnsl  mass  at  rest,  the  two  bodies  will  move  toi^tber,  but 
with  only  half  the  original  velocity  of  the  first,  the  other  half  having  been 
expended  in  overcoming  the  inertia  of  the  aeoond  body.  Correspanding 
efiecta  will  take  place,  whatever  diSerrace  there  may  be  between  the 
masses  of  the  two  bodies  ;  for  if  the  aeccnd  body  should  be  double  Iha 
mass  of  the  first  body,  the  commco  velocity  after  the  impact  of  the  two 
bodies  would  be  one- third  that  of  the  first ;  and  if  the  mass  of  thefiiaC 
body  be  to  that  of  the  second  us  S  to  7,  the  common  mass  after  impact 
will  be  13,  and  as  the  second  will  deduct  Irom  the  motion  nf  the  firK 
in  proportion  to  its  mass,  the  motion  lost  by  the  first  body  will  be  seveU' 
Cwelflli^,  and  the  motion  ralained  by  both  would  be  five-twelftht.  If 
two  bodies  are  both  in  motion  in  the  etune  direction,  and  one  overtake 
and  impinge  on  the  other,  suppose  the  masses  of  the  two  bodies  to  be 
the  same,  and  the  velocity  of  Uie  first  to  be  7,  and  that  of  the  second  to 
be  5,  their  common  velocity  DHor  impact  will  be  6,  or  half  the  sum  of 
the  two  velocities.  But  if  the  maases  are  unequal,  the  mass  of  eaeb 
munt  be  multipliiKl  separately  by  its  velocity,  and  the  products  added 
logother,  and  their  sum  divided  by  the  sum  of  the  two  mssses  will  give 
the  common  velocity.  When  two  bodies  are  moving  in  opposite  direc- 
tions, with  the  same  velocity,  and  having  equal  masses,  BctioD  and  re- 
action being  eqaal,  both  motions  will  be  deslroyad.  Suppose,  bowarer, 
tliH  maases  la  be  alike,  and  the  velocity  of  the  first  body  to  be  10,  and 
that  of  the  other  to  be  6,  the  first  body  will  loae  6  parts  of  tts  velocity, 
which  will  be  requisite  to  neutralise  or  destroy  the  opposite  velocitj" '' 
the  second  body.  *ud  the  remaining  4  parts  of  the  velocity  of  the  Q 
body  being  divided  between  the  two,  they  will  move  loyether  in  l„ 
direotioii  laken  by  (he  first  body  with  a  commoiD  velocity  equal  la< 
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When  tbe  nuuaas,  as  well  as  tlio  Telocicies,  are  imeqaal,  the 
Tatooit}'  of  two  budiea  nfler  ini[iact  may  be  raund  by  mulUplying 
amnberH  deooting  the  iDoAifeK  by  thode  eipniaaLDg  the  T(jl4>ciLiGik  lAb 
^>ectiTely,  BubEiacCiog  [be  leaser  pniducl  bom  the  gnUei,  luid  divid 
iias  the  remsiuder  by  the  gum  of  the  nuiubeni  denoUiig  the  mussea :  ilii 
fuutiBut  will  Ihea  show  tbu  Telocity  with  which  the  bodies  will  inori 
together,  ia  the  directiou  of  the  body  luviug  the  greatest  qunnlity  o: 

An  enperimental  illuslrBtion  of  the  equality  of  action  and  ceactiog 
in  the  collisloa  of  bodies  may  be  thus  exhibited  : 

Suppose  a  and  &  to  be  two  iuelsBtic  balls,* 
snapeuded  toother  at  c,  by  threads  of  equal 
length,  ao  Ibst  they  may  be  in  contact  trhen 
at  reit;  and  letiJe  be  a  gtadualed  archgOTer  which 
the  balk  may  awing  fireel^  ;  theo.if  the  ball  b  ba 
moved  a  certain  nnmber  ot  degrees  (owanls  i,  und 
let  fell  so  that  it  may  impinge  on  the  boll  a,  hoth 
together  will  move  towatds  d,  through  a  numheT  of 


i 


degrees  propottioned  to  their  common  velocit 
Sinee  it  appears  from  the  foregoing  obse 

to  he  on  eatabliahed  principle  of  hiechanics, 
or  impetna  of  a  body  in  motion  ia  to  be  estiniated  by  its  i 
Itr,  it  must  be  concluded  that  B  body,  the  msas  of  wliicli 


tthe 


idy,  ll] 
made  to  act  with  the  same  force  as  anotlier  body 
of  which  ia  much  greater,  provided  the  smaller  body  lias  a 
loei^ccBDnjUDicatedtoit  greater  than  the  velocity  of  the  larger  body, 
die  aame  proportion  that  Qie  mass  of  the  latter  surpasses  that  of  Iha 
nner.  Thus,  apincuebioa  weighing  half  an  duucb  might  produce  aa 
rat  an  efitet  as  a  onoon-batl  weighing  thirty-aii  pounds,  provided 
B  pinouahion  had  1153  times  the  velocity  of  the  canuoa-ball ;  for 
SS  heif  ounces  being  equal  to  36  pounds,  it  must  be  obvious  tliat 
9  velocity  of  the  pincushion  would  be  just  80  moth  greater  than  the 
m  .:.    .j^^i . L_ii   __  .L„ ^^  ^g  lattcT  would  bo  greater 


u  t^Bt  of  the  former. 
lenoe  aa  Che 


:  effect  of  moving  force  is 


nal«l 
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by  the  Telocitj  of  the  motion  and  tlie  veig'bt  or  mass  of  the  moving  tiodjf 
taken  together,  it  may  be  peiteired  how  it  happens  that  n  smsll  nana 
msy  proSuee  on  citruirilinnty  effect  wben  moving  with  ^eat  velocit}'. 
Thus,  n  talloH'  candle  lired  from  n  gun  will  pierae  a  deal  board.  On 
the  oiler  hand  a  great  effect  miij  be  preduced  by  a  small  relooity  if  the 
moring  maas  ia  extremely  great.  As  for  ioBtsncB,  a  heavily  laden  ship 
of  great  buiden,  afloat  near  a  pier  wall,  oiay  approscb  it  witb  a  relooi^ 
so  small  as  to  be  scarcely  observable,  yet  its  lone  trill  be  sufficient  to 
onisli  a  bidbII  boat. 

When  ttvo  bodies  meet  in  consequeiice  of  moving  Irom  opposite  di- 
recljans,  each  body  will  auatain  a  shock  as  great  as  if  oiwbodyat  rest 
bid  been  struck  by  the  other  with  a  force  equal  to  the  sum  of  both  their 
iorces.  Suppose  tiro  persons  of  equal  weight  walking  in  opposite  di- 
rections, one  at  the  rate  of  two  miles  an  hour,  snd  the  other  at  the  rate 
of  four  miles,  if  they  should  suddenly  come  in  contact,  each  would  re- 
aeive  a  shock  as  great  as  if  be  bad  been  standing  still,  and  snotherhad 
run  Dgaiastbim  moving  at  the  rate  of  six  miles  an  hour.  In  the  ancient 
loumBmenta,  when  mailed  knights  met  in  full  career,  prodigious  mUlt 
have  been  the  shock  wbentbe  collision  was  direct,  sod  both  would  often 
be  overthrown  with  a  force  proportioned  to  tbeir  joint  weights  nnd  Te> 
locities.  So  when  two  vessels  under  sail  run  foul  of  each  other,  sup- 
pose one  of  them  eight  hundred  tons  burden,  and  the  other  twelve 
hundred  tfiDS,  their  velociCiea  or  fMes  of  nailing  being  eqnal,  each 
would  Euslsin  s  shock  equal  to  tbat  nhich  a  vessel  would  receive  if  at 
anchor,  and  struck  by  nnotbet  vessel  of  two  thousand  tons  bnideo, 
aaitiug  at  tiie  same  rate  with  the  vessels  in  question.  Yet  though  di« 
shock  would  be  the  same,  the  consequences  would  be  most  disestroU9 
(o  the  smallar  viissei,  the  other  being  protected  in  a  greater  degree 
from  ityury  by  its  anperioc  strength  and  hulk. 

In  the  preceding  observationa  the  pbenumeno  of  moving  forces 
heve  been  considered  simply  and  independently  of  circumatsncea,  by 
whiob  in  practice  ihey  are  inDnenced;  sod  among  which  must  ba 
noticed  the  texture  and  other  properties  of  moving  bodies.  Elastid^ 
being  a  common  property  of  matter,  and  manv  substances  employed 
For  a  variety  of  purposea ,  as  aeveral  kinds  of  wood  and  metal,  pos- 
sessing that  property  in  a  high  degree,  its  iafluenoe  in  modifying  the 
operation  of  moving  forces  requires  particular  attention. 

The  dilferent  eliects  exhibited  by  bodies  almost  inelastic  and  tboaa 
which  Bie  highly  elaalic  may  be  illustrated  by  the  simple  eiperimest 
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r.LASTlCITT. 

,'W  dropping  nbHllof  soft  clay  or  trni  Irom  sny  gireu  lielgbt  on  xaoln 

"  rement.BDil  then  letting  fall  from  the  BBmeiieig'litaballnfbox-wMll 

iTorjr  of  equal  wsight  with  the  ciny.     The  Aral  ball  will  give  way  W 

pieBBuraof  die  paTemenC,  and  become  dented  or  flattcaed  oa  dl| 

wbicb  tt  rests,  wliile  the  latter  ball  will  rabonDd  trom  the  panl 

ith  i  fome  proportionEd  to  the  height  ftoia  which  it  fBll.  ITmi 
rt  or  rebouud,  in  ui  ivory  ball,  ia  partly  oecaainned  by  its  gtTiog 
Way  to  tbe  pressure  of  the  pavement,  bat  unlike  the  cluyjt  reooienits 
.thspe  aliDoat  instantaneaUBly,  its  BUtiace  thus  uctingaa  a  spring  against 
.tte  pavement.  That  a  hard  aubatancs  like  irory  is  compreased  by 
ilbikmg  agninat  s  similai'  auhstance,  may  be  shown  hy  makiog  a  small 
iBbt  nith  ink  on  the  surfnce  of  one  ball,  and  then  bringing  it  gently  in 
tontnct  with  another  ball  at  that  point,  when  a  amall  mark  will  alao 
l^pear  on  the  latter  ball ;  but  if  the  balls,  one  being  marked  aa  before, 
!e  broDghl  irtlo  contact  witli  considerable  force,  aa  by  presaore  or  col- 
'  on,  s  niBch  larger  mark  wQl  be  found  on  the  latter  boll  than  before  ; 
iTing  that,  though  both  bare  lecorered  their  shape,  they  must  have 
Indfirgone  some  degree  of  coni|iie[" 


1 


Let  two  irory  bulla  of  equal  weight,  u  b, 
be  suspended  by  threada,  as  in  (he  an- 
nexed figure,  if  the  former  be  then  drawn 
a^ide  to  e,  and  suil'sred  to  fall  egainat 
the  latter,  it  will  drive  it  to  d,  or  a  distance 
eqnol  to  that  through  which  the  Gist 
boll  tell;  but  it  will  itaelf  rest  at  a, 
having  giren  up  all  its  own  moving  power 
■-  the  second  hall. 

If  sii  ivory  balls  of  equal  weight  be  hung 

StliTeads  of  the  same  length,  and 
s  ball  It  ha  drawn  ont  from  the 
perpendicular,  and  [hen  let  fall 
against  (ha  second,  that  and  the 
other  three,  cdef,  will  continue 
stationary;  hut  the  last  ball,  6.  will 
fly  off  to  B,  being  tba  same  dis- 
tance as  that  tlirough  which  dia 
^  firstballfeU.     HBielVemQUon.™ 

ler  the  moring  fort*  of  the  ball  a  is  pnipagated  Atovi^  *b  -wVoVi 
3,toiiebalJ  i,~  which  Saving  no  ntUtOBee  ia  ftelai  oa  \)5  ^^^  n"'>mA» 
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force.  Tliis  expenmsDt  repealed  nil!)  any  number  of  balls  would  gire 
liiB  some  result.  It  ia  proper  lo  observe  that  in  stating  tto  eGitct  of  the 
GoltUion  of  tlie  ImlU  in  tbeae  ex)ieiim«utB,  they  are  supposed  to  be 
perfectly  elastic  bodies ;  aucb,  however,  do  not  Biist  among  the  sub- 
BtBDCes  vith  wbicb  we  are  soqitainled  ;  the  phenomenB  eitibited  bj 
ivory  balU  would  ttierefore  be  uearly,  but  not  exactly,  eucb  as  stated. 
TIio  efl'ect  of  elasticity  in  modifying;  the  propagation  of  mation  ia 
ourioasly  displayed  in  thoae  exhibitions  of  human  strength,  Trhich  have 
eccasionally  taten  place,  aod  of  which  remarkable  instances  are  related 

RlHDce  of  this  kind,  in  his  Life  of  Fiimus,  wlio,  in  the  reign  of  Aure- 
lian,  endeavoured  to  make  himsetf  emj>erar  in  Egypt,  and  who  has 
therefore  been  reckoned  one  of  the  Thirty  Tyrants.  He  was  a  native 
of  Seleucia,  in  Syria,  who  eapausud  the  cause  of  the  famous  Zniiobia, 
Queai  of  Palmyra ;  and  having  been  taken  prisoner,  he  was  executed 
by  order  of  the  emperor  Aurelian.  The  historian  says  of  Firmus,  that 
lie  wn  able  to  bear  an  snvil  on  his  breast,  while  others  were  huimner- 
ing  on  it :  he  lying  along,  with  his  body  in  a  curved  position.*  And 
fieckmann,  in  his  History  of  Inventions,  DOtioes  the  eitraordiaary 
feats  of  John  Charles  rou  Eckeberg,  a  German,  who  travelled  over 
Europe  about  the  beginning  of  the  last  century.  After  mentioning 
Other  feats,  he  adds,  "  13 ul  what  excited  the  greatest  eslonisbmentitaa, 
that  he  suffered  large  atones  to  be  broke  on  his  breast  with  a  LammBr, 
or  a  smith  to  forge  iron  on  an  anvil  placed  upon  it."t  Apart  of  Iha mys- 
terious effect  produced  in  these  cases  is  to  be  accounted  for  by  the  po- 
■ilioD  of  the  eihibiter,  which  may  be  thus  described  :  lie  must  place 
bimself  with  his  shoulders  resting  on  one  chair,  and  Lis  feet  apoa 
another,  both  chairs  being  fixed  so  as  to  yield  firm  support ;  and  thus 
bis  backbone,  tliigha,  ond  legs  vsould  form  an  arch,  of  which  the  chairs 
would  be  the  abutments.  The  anvil  also  must  be  so  large  as,  by  its 
inertia  and  elasticity,  nearlv  to  counterbalance  the  force  of  the  hammer  ; 
mdthus  the  strokes  would  be  scarcely  or  not  at  all  fett;  besides  which 
the  elasticity  of  the  man'a  body,  as  well  as  liis  position,  would  contri- 
bute to  his  security  against  the  effect  of  the  blows. 


"InoudEmsuperpoBit 
recUvui  ac  resopinus 
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nicstion  of  motioii,  bowercs  rapid,  maiit  Cake  up  somE  pOTtio^'  ■ 
'  r  as  there  can  bo  no  auch  thing  as  inBtaatuieauB  motioOi  I 
'le  ptopagslud  inslBQlaneoualy  from  one  body  u 
IB  perfonned  with  grant  relocity  lometini 
3,  at  mBy  be  shown  by  Ibe  followiug  eipBiiD 


A  long  hollow  stulk  or  reed,  suspended  horiiontally  by  two  loops  of   I 

l^la  haira,  maj,  hv  a  aharp  quick  strobe  at  a  point  nearly  in  I' 

the  hairs,  be  cut  through,  without  breaking  either  c 

this  case  would  hare  beeu  ruptured,  if  they  hod  partakeit 

a  force  applied  to  the  ataUc ;  but  the  division  of  the  latter  baiog 

ed  before  the  itupuLse  could  be  propagated  to  the  Iuutb,  they  must   j 

Iwiuequeiitlj  lauiiiu  UDbroken, 


any  small  pieceof  money, being  laid  upanacsrdplaced 
ma  mouth  of  a  tumUer-glaas,  and  resting  upon  tlie  ri™  "^  ''^ 
tf  tbe  card  may  be  withdrawn  with  sucb  speed  and  deiteri^  t 
~'-ie  of  money  will  not  be  removed  laterolly,  but  will  drop  i 


^  bnllet  discharged  (raai  a  piatol,  striking  the  paoel  of  a  door  half 

1,  wfll  p«M  tbrougli  Iha  board,  without  moving  (he  door ;  for  tbs 

«it}>  of  the  bullet  will  be  bo  great  that  the  aperture  in  completsd 

' — ie  of  time  too  limited  to  admit  of  the  momentum  of  tfao  moving 

1  to  the  subataoceagtiiiistwLichitiBimpelled. 

n  eSeet  of  the  prinaiple  just  illustruted,  tbnt  the  imn  bead  oC     I 

nsy  be  driven  dovm  on  its  wooden  hucdle,   by  sCciluaf,  <JuN.  m 

d  of  the  bBodle  against  any  haid  aubalaace  w\\iv  tatue  «r 
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■peed.  In  tliia  Tmy  limple  opeiation,  more  eaiily  conceiTed  thui 
deacribed,  the  motioD  U  prop^iated  bo  Baddealylhrougb  the  wood  that 
it  ia  over  before  it  can  reach  tlie  iron  head,  which  therefore,  bj  iti  own 
weight,  ainks  lower  on  the  bundle  at  erery  blow.  Which  drives  the 
Utter  up. 

The  velocity  of  motion  i>  mcusured  by  time  nnd  space  laVen  oon- 
jointly  or  relatively.  Thui,  n  bod;  moving  through  a  giiven  space,  is 
a  earcain  time,  and  supposed  to  psaa  tbroagfa  every  pnrt  of  that  since 
Bt  B  uniform  rato,  ia  anid  to  move  with  n  Telocity  denoted  by  the  catia  of 
the  time  to  the  apace;  and  therefore  n  uniformly  moving  body  wilt 
deaCrihe  equal  apacea  in  equal  timea,  and  difieront  bodies  relative  spaces 
in  relative  times.  Hence  a  boraa  that  will  trot  eight  milea  in  an  hour, 
wtinld  trot  aixteen  milea  in  tvro  hours,  and  Iwenty-foui  milea  in  three 
hoars,  tf  he  coald  Iisverae  the  distance  with  unabated  speed.  If  ia 
this  case  the  IhTee  distances  mentioned  be  considered  as  three  distiaot 
journeys,  it  will  readily  be  perceived  that  the  hotse  must  have  passed 
llirougii  theaame  distance,  in  each  of  the  two  houra  of  tlie  second  jour- 
ney, and  each  of  the  three  hours  of  the  third  journey,  as  id  the  smgto 
hoar  of  the  Erst;  and  this  Is  what  is  meant  by  the  statement  that  eqoal 
spaces  are  passed  over  in  equal  times ;  so  that  when  the  diatBDOe  tra- 
velled ia  doubled  or  tripled,  the  time  will  be  doubled  or  tripled  alaa; 
nnd  if  the  distance  is  reduced  to  one-half  or  oae-fourth,  the  time  wiH 
be  reduced  in  tlie  aome  proportion.  The  relative  velecUiea  of  different 
bodies  must  he  estimated  in  a  aimilar  manner.  A  men  waiting  tllree 
milea  in  an  hour  would  require  double  the  time  to  perform  a  journey  of 
eighteen  miles,  that  would  be  taken  up  by  another  man  running  six 
miles  an  bour  ;  and  a  horae  galloping  twelve  miles  an  hour  would  com- 
plete the  journey  in  one-fourth  of  the  time  of  tlie  first  man,  and  one-haif 
the  time  of  the  aecond  man.  The  minute-band  of  a  common  clock  or 
watch  has  twelve  times  the  Telocity  of  the  hour>hand,  since  the  forpiet 
passes  tliTough  awhole  circle,  while  the  latter  ia  paaaing  through  the 
tweirtli  part  of  it. 

The  velocity  of  a  uniformly  moving  body  may  be  discovered  by 
dividing  the  apace  paased  through  by  the  time  oonsumed  :  thna,  the 
velooity  of  a  aleam-boat,  going  eighteen  milea  in  two  hours,  will  be 
found  to  be  nine  miles  an  hour.  The  velocity  beinK  known,  the  dis- 
tance passed  over  in  ■  given  time  may  be  discovered,  by  the  contrary 
operation  of  mtiltiplying  the  apace  by  iLe  time :  thus,  the  steam-booft 


LAWS  OF  MOTION, 


Ki-dl  nf  Moli 

Motion  miiy  be  QaiTorm  or  rariable  with  respect  (oils  rata  or  relative 
TBiocitj.     The  nature  of  uniforni  motioD  has  been  Just  pointed  oat ; 
Jnd  tbat  of  variable  motion  idll  be  subsequently  ioTaadguted.     But 
in  otbers,  whai^ 


0  from  what  it 

B,  or  in  any  other 

])oint  to  ttnother, 
Erection,  or  line  of  motion.    'I'he  directio 
.  Atber  »  right  line,  nuross  a  lerel  surtace  oi 
iag  over  a  similar  plane  ;  or  a  cnrred  line, 


I'he  liiw  I 


IB  different 
oaneidered  with  re^rd 
Wbether  ta  b  straight  line 


■  Curvilinear  motion  is  of  a  mora  complicated  nat 

Mnught  line,  the  cireunistanceB  relating  to  it  ibert 

ipBrlv  explained  without  a  previous  investigation  of  rectilim 

Sir  Isaac  Newton,  in  his  great  work  endUed  "  Principii  Philosopb^ 
-jKxuroliB" — "  PrincipIeB  cd  Natural  Philosophj,"  has  laid  dowi    '  "' 
'^eoeral  posilionB,  stjled  Lawi  of'  Moiiim,  which  hove  been  cons 
'  ■  the  ftHmdiilioQ  of  mecbanim  acience.    These  lawa  ara  the  foUov- 
inS! 


'■  Every  body  m 
n  k  Mraigbt  line,  i 
noliai],  by  some  f< 


I  its  state  of  rest,  or  of  uniform  motioD 
Dmpelled  to  altar  its  state  of  leal  or 
jnptessed  upon  it." 


■e  alWBjfl  equal  and  contrary  to 
it  of  these  laws  or  poBldong,  reli 
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The  seeond  Uw  of  motion  is  of  the  h 
to  conxponnd  motion,  and  the  diroction  i 
ia  differenl  hut  not  ooutraiy  direclinns.  The  effect  of  forces  that  m- 
plied  will  be  most  readily  understood  nfter  R  short  eiplanation  of  the 
natuie  of  reflected  motion,  which  affords  a  fnmiliar  exBiupIe  of  action 
nnd  reactiim,  the  Hnbject  of  the  third  of  the  preceding  laws. 

If  ■  cricket-bidl,  oi  any  similatlf  shaped  elastic  body,  be  dropped 
perpendicalarly  on  t,  smooth  psTemEDt,  it  will  rebound  to  a  certain 
point  in  the  same  straight  line  in  which  it  descended  ;  but  if  it  be  im- 
pelled obliquely  against  the  paFomeat,  it  will  not  rise  iu  a  perpendicu- 
lar line,  but  in  a  line  Imving  the  same  degree  of  obliquity  as  that  in 
trbich  it  struck  the  paveaient. 

Thus,  if  the  ball  were  dropped  hom  a,  to 
„  the  pBFemeni  at  6,  its  upward  course  would 

be  in  the  same  line,  6n;  hutif  it  be  thrown 
in  the  line  c  h,  it  will  rebound  in  the  line  i  d. 
In  this  case  the  angle  (brraed  hj  the  line  c  ii, 
with  the  line  a  b,  ia  called  "  the  angle  of 
incidence,"  and  that  formed  by  the  line  d  b, 
with  the  line  a  b,  "  the  angle  of  reflection  ;" 
and  it  is  to  be  observed  that  these  angles  will 
always  be  ptociaely  equal.  For  it  signifies 
not  whether  tte  obliquity  of  the  lino  of  b- 
cidence  be  ^eat  or  small,  since  the  line  of  re- 

ery  case  have  the  same  obliquity,  and  conaequendy 

form  ■  ajmilu  angle  with  the  aur&ce  from  which  the  body  rebounda. 
g  Suppose  the  pnrBlleloefam  in  llie  marein 

to  represent  a  billiard'tBble,  if  a  ball  standine 
DD  it  be  impelled  in  the  direction  a  h,  itwifi 
strike  against  the  end  cushion  and  return  in 
the  line  b  c,  and  either  of  those  lines  would . 
form  a  similar  and  very  acute  angle  with  a 
line  drawn  between  them,  parallel  to  the 
sidesofthelable;  but  ifthe ball  Wi —  -•- — 
from  a  against  the  aide  coahion  at  d,  it  would  return  in  the  cc 

ing  line  d  «. 

Equol  weighls,  or  equal  forcea  of  any  kind,  acting  on  a  body, 
similar  manner,  but  in  opposite  direotions,  will  keep  ^  = ^ 


flection  will  in  e 


i 


equilibhil'M.  fvJ 

erjuilibriiini,  like  the  scvles  of  a  common  bftlnnco  esch  losdad  I 
ti'ah  ■  weight  of  oue  pound.     But  n-lien  the  srma  of  a  balance  ure  at 
Sneqaal  lungths.  sa  in  tbe  sMelj aiil,  ■  gmaiJ  weight  Gied  it  Che  end  of 
tte  longest  arm  will  counterpoiae  a  much  greater  weight  at  the  end  of 

Let  a  represent  n  globe 
of  lead  realingoQ  a  lev^l 
BurTace,  and  hnviaK  an 
iron  rod  pasaing;  exactly 
through  tla  centre,  the 
eittemitiea  of  which  e 
and  /  are  equidistant 
frnm  the  ball ;  if  threadl 
ith  hooka  nc  tbe  lower  enda/  'M 


I"    t' 


of  enual  lengtJiB  be  fined  at  thole  |  .     . 

fer  the  anapenaioo  of  weigbtB,  the  globe  and  rod  will  bi       ,  ^ 

librioDi  so  long  as  the  weights  Ii  aad  c  are  equal ;  but  if  a  longer  rod  1» 

KKd  tlirougb  tlio  bHll,  piqjMEJug  fuitber  fTom  it  towBrd»  ^  than  a* 
da  t,  8  Biosller  weight  d  will  then  counterbalance  tbe  weight  j>,  and 
Qm  relative  number  of  ounces  or  pounds  contained  in  theae  weights 
1*iU  always  bear  certain  prnportiona  to  the  number  of  iiicLes  or  feet  in 
o  raapective  parta  of  the  rod  a  t,  and  u  g. 

Here  the  equilibrium  ia  maintained  by  equal  forces  acting  in  opposite 
and  the  itlustration  of  Iliis  simple  pTinciple  ia  deserving 
as  it  leads  to  tbe  ronaideration  of  the  case  of  equilibrium 
by  the  application  of  three  forces. 

In  tbe  annexed  £gure  the  weight  a  being  at- 

Mtached  to  the  centre  of  a  cord  passing  aver  two 
amall  wheels,  and  the  weights  b  and  c  to  eithar  1 
end  of  the  cord,  the  equilibrium  will  be  niaijM  I 
tained  only  while  the  central  weight  counter- 
balnuces  those  at  the  ends,  in  order  to  which, 
exclusive  of  tbe  effect  of  friction,  the  weight  a 
must  be  just  aa  heavy  as  the  equal  weights  band 
~  ~'  c  taken  together.     For  if  tbe  weight  n  be  much 

tbe  cord  will  aink  in  the  centre,  and  the  weights  6  and  t  be 
drawn  up  to  the  wheels ;  and  weight  added  on  either  aide  will  drag 
down  (lie  cord  on  the  side  of  tbe  additional  load  and  [Ua«  X^le  taiOxi^ 
and  oppouite  side  weight. 
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Suppose  a  cord,  as  in  the  margionl  Ggure, 
atretcljed  oTer  Iha  wheels  E  F,  Mtncbed  lo  an 
upri^lit  board,  aai  bBTiDg  Hxad  to  its  ex- 
tremilioB  tbe  neiglits  B  C.  From  any  part  of 
the  cord,  between  tie  wheels,  bb  at  if  let  a 
n-eiglit  be  suspended,  il  will  tben  draw  down 
tbe  cord  so  BB  to  rann  an  angle,  EH  F,  andtlie 
weightB»wil]  remain  iu  equilibrium.  It  ia 
obvious  that  in  Ihia  case  the  weigbt  A  aetinj 
iu  tba  direction  HA  will  counterbalance  tba 
_  weigbtB  Band  C,  acting  in  the  direetionB H E 

and  II  F.and  their  joint  forces  mast  be  eijuivalent  to  a  force  equal  to  A, 
Bcting  in  tiie  direction  H  G,  To  ascarloin  the  rolativo  effect  of  tbe 
weights  thus  operating,  it  will  be  necessary  to  ddmplete  the  figure,  by 
drawing  ou  the  board  tlie  dotted  line  H  G,  in  the  direction  of  Che  cant 
A  H  ;  and  lines  under  ibe  cords  H  E  and  H  F.  Then  on  tlie  line  H  G 
mark  the  point  a,  and  H  a  must  be  supposed  to  represent  as  ntanyincbaa 
as  the  number  of  ounces  contained  in  the  weight  A.  From  a  draw  tbe 
dotted  line  r  ft,  parallel  to  H  F,  and  the  dotted  line  a  c,  parallel  to  H  El 
then  if  the  diagram  were  in  tbe  proportion  just  daaciihed,  the  lino  Hi 
would  coDtaiD  OS  many  inches  as  there  were  ounces  in  tbe  weight  B ; 
and  tbe  line  H  fl  as  raany  inches  as  the  number  of  ounces  in  the  weight 
C,  A  moment's  reflection  will  ebow  that  tlie  relative  weights  ud 
lengths  might  consist  of  any  denominations  of  weigbt  and  loogitudind 
measure;  so  that  feet  and  pounds,  or  any  grentor  or  smallur  denomioB' 
tiotiB  might  have  been  substituted  for  inches  and  ounces ;  onlv  in  evarj 
case  tbe  same  denomination  of  longitudinal  measure  must  beappliefl  lO 
sU  Ibe  lines,  and  the  same  denomination  of  weight  to  ell  the  gruvilating 

Ttie  cnsa  juBt  considered  ajfords  an  experimental  illustration  of  what 
is  called  Ibe  Parallekigi'am  of  Forces,  n  principle  of  tbe  utmost  import* 
anee  in  mecbanics,  since  it  enables  us  to  estimate  the  joint  operatton 
uf  moling  powers,  bb  well  os  their  relHtiFe  effect  or  influeace. 

In  the  preceding  diagram,  the  paraUBiogram  of  forces  is  represented 
bjrthe  lines  aft,  6H,  U  c,  and  ca,  and  Ibe  line  H  a,  joininftbeoppctiH 
anKlea,  whieli  is  called  the  diagonal.  Thesideaof  tlieparalleloersin,aj 
and  a  c,  will  represent  the  (|iianlily  and  direction  of  the  tiro  forcesectins 
togwtber,  end  the  diagonal  II  a  wiU  denote  tbe  equirdleat  or  couiii«rbaT 


PARALLtLOGEAM 

Thia  last  forua  la  Btyled  the  re^iultHiil,  ud  ibe  twq  I 
^^Woea  opposed  to  it  are  its  oomponeuti. 

In  the  preceding  eiumplea,  the  objeet  liaa  been  to  abow  tlia  effect 
of  opposing  forces  in  produeiog  equUibriuoi ;  but  precisely  tha  Biun« 
method  may  be  taken  to  explain  the  operation  of  foreea  applied  in  dif- 
lerent  dtrectioua,  when  llieir  effect  U  to  produce  motion,  instead  of  re- 
straining it. 

If  a  body  A  be  impelled  at  the  same  timebj 
two  farces,  which  would  aepustely  cause  it  to 
describe  the  linea  A  1)  snd  A  C  of  tlieparalleto. 
gram  A  B  D  C,  tlie  body  will,  by  their  joial  ao- 
tioD,  describe  in  theaametimethediagoualAD, 
For  if  the  body  had  been  previously  moring  witU 
»-  -      tha  Telocity,  and  in  the  direction  A  U,  and  had 

been  acted  on  at  A  by  the  force  A  C,  i(  would  have  described  AD  in 
ihssatne  lime.    So  tliut,  whether  the  farces  begin  to  act  aimulcaneoualjr 
lulflted  on  aimilsr  prinoif '  ~ 
WheatlieaDgleatwhichtliei 
ent  forces  meat  ia  very  acute,  theyi 
with  greater  power  on  the  movinff  I 
dy ;  thus,  as  thaangleCAB,  mad8_.  _, 
thediieclionsoftliecompoeiug  forces, 
"  decreases.theeflect  arising  from  their 
joint  impression  will  ha  increased; 
the  diagonal  A  D,  wbich  aipresses  that  effect,  will  likewisa 
iBCteaaed.     Therefore,  when  Uia  angle  CAB  ranialiea,  or  in  other 
(d«,  when  thesidesACand  A  IJ  coincide  with  the  diagonal,  the  joint 
M*  will  Lave  their  full  effect ;  hut  this  would  no  longer  be  a  case  of 
oompositionofibrcei,  but  of  the  junction  or  union  of  two  forces 

(.  When  ihe  angle  B  AC.  made  by  the 

-"-ections  of  the  two  forces,  is  very  ob- 

le,  their  effect  is  diminished,  and  the 

igonal,  representing  the  resultant  of 

<  forces,  is  consequently  contracted. 

It  will  be  obvioas,  therefore,  that  wt 


I 

I 


■idea  A  B  ai 


1  AC 


ithout  forming  any  angle,  the  forces  ?rill 
etiona ;  and  provided  tliay  were  ei|unl  forces  they    i 
other,  QD  motion  taking  place  i  htu,  ii  ous  lQt<^»  J 
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le  other,  tiie  body  will  moie  «u,  cot  in  a  diagonal  lin*. 
le  direction  of  the  greater  force. 

'  effect  of  three  or  mare  foroes  acting  on  a  boily  in  dif- 
may  be  diacorered  by  meant)  of  the  pBrallelogram  of 
le  force  maybe  thus  oasigaed  which  will  be  the  reaull- 
i.  This  may  be  done  by  obtaining  first  the  diagoDBl  re- 
pteaeoting  the  resultant  of  the  combination  of  two  forces,  and  coniidw- 
iug  thai  diagonal  as  the  side  of  a  peralleiogram,  of  wbicb  d  line  repre- 
seoting  a  third  force  will  form  une  of  the  other  aides,  and  tbe  parallelo- 
gram being  completed,  the  liiagannl  will  be  the  resultant  of  the  Gral 
tbree  forces;  and  the  operation  may  he  extended  in  the  same  man- 
oer,  so  as  to  discover  the  ultunale  resultant  of  any  given  numhar  of 

Let  the  point  A  be  impelled  by  force] 
r  iothe  directions  A  B,  A  C,  A  D,and  AE; 

then,  to  find  out  the  resultant  of  diece 
combined  forces,  complete  the  parallelo- 
gram C  A  B  P,  and  the  dbgooal  A  F  will 
exhibit  the  result  of  [he  forces  A  B  and 
AC.Complete  tbe  parallelogram  DAFG, 
and  its  diagonal  A  (5  will  denote  the  re- 
'  suit  of  the  three  forces  A  B,  A  C,  and 
A  Dp  In  the  same  mauner,  oompleie 
the  parallelogram  £AGH,aDd  the  dii- 
■    lof  all  the  four  fcrcea, 

,  .  3  may  be  simplified  bv 

merelv  drawing  Ihe  linea  B  F,  equal  and  parallel  to  A  C ;  F  G,  coTre. 
spond'ingwitb  A  D ;  and  G  H,  bearing  the  same  relation  to  A  E  ;  th«i, 
tiieliDejoinJng  AaadH,wbichaa  before  will  eipress  the  resulting  foroe. 
C  _e        Itniay  bedemooatratedby 

s  of  the  paralleloerani 
of  forces,  that  from  three 
forces  acting  in  the  directions 
,  A  B,  A  C,  and  A  D,  la  tbe 
proportions  of  tbe  lengidi, 
brwdth  and  deptb  of  a  putl- 
lelDpiped,will  result  a  moliot) 
n  Ihe  diagonal  A  F  of  ttial  parallel  op  iped  ;  for  A  B  and  A  C  compno 


It  and  A  E  uid  A  D  compoae  A  F ;  vhioti  laat  ia  the  resultBiil  of  tba 
sea  in  ihe  directioDa  of  Ibe  tlireeaideBof  thttparaUetopibed. 
!l  of  the  composition  of  forcBB,  when  a  body  impelled  in 
irectiona  takes  iti  course  in  e>  diai^nal  line  between  the 
I  impelling  foToes,  may  be  thua  eipeti mental Iv  exemplified  : 

On  a  billiard-table,  A  B  C  D, 
place  a  ball  at  G,  equallj  dialanC 
fTOm  the  aide  B  C,  nnd  the  end 
C  D,  then  lei  two  spring  gun*,  1 
capable  nf  comma  Qicatin|>  eqnal  j 
impulsea.  be  plarei!  so  that  whan  ' 
the  hall  is  impelled  bj  E,  it  will 
move  elou^  the  aide  A  D,  and 
that  when  the  ball  is  impelled  by 
I  F  odIv,  it  wUl  mare  in  the  Une 
G  H  ■.  then  if  the  hall  be  struck 
by  both  tbe  guna  at  the  aome  in- 
Dt,  it  will  be  round  to  move  in  the  diagonal  line  C  C,  in  the  same 
M  in  wbicb  it  would  have  moTect  from  G  to  D.  impelled  by  the 
^  E  alone  ;  or  from  G  to  H,  if  acted  on  only  by  the  gun  F.  From 
■  dnerrationa  which  bare  been  already  made  on  the  relations  be. 
tea  the  extent  of  the  tinea  described  by  moving  bodies,  and  tb« 
oant  of  the  forces  by  which  they  are  impelled,  it  will  be  apparent 
i  this  experiment  may  be  so  modified  sa  to  show  what  would  b* 
i  direction  of  tlie  ball,  when  the  impelling  forces,  or  the  anglea  if 

h  lliey  acted,  were  Tariously  adjusted. 

The  operalian  of  the  principle  called  the  Composition  of  Forces  msj 

perceived  in  onmerous  cases  of  frequent  occnrreoco.    Indeed  tliert 

9  DO  motioua  with  which  we  are  acquainted  that  can  be  considered, 

tiedy  speaking,  as  instances  of  simple  motioo;  for  the  effects  of 

'tatlon  and  the  diurnal  motion  of  the  eartJi  are  alone  sufficient  to 

lion  some  degree  of  complexity  in  all  motiona  taking  place  on  the 

's  surface.     Simple  motion  Iherafore  is  only  relative. 

Bappose  two  peiaoos  lo  be  seated  on  the  opposite  aides  of  an  omni- 

H,  or  any  other  oblong  carriage,  and  to  pasa  a  ball  forwards  and 

Bkwards,  &om  one  to  the  other,  in  a  level  line.     Non-.  if  (he  car- 

^  .       1  the  ball  were  passed  accoaa  flia*.  a^«» 

precieely  the  aama  lime  thai  ihe  csffiaga  would  Iw  %OVQ^  ^a«t  ^"^ 


1 


along  an  even  road,  the  real  motion  of  the  ball  through  the  lir  would 


a  wgiag  li 

(tone  (Irupped  on  the  deck,  froi 

nould  be  affected  by  the 


d  nould  therefore  fall,  n 


a  perpi 


adicular. 


Let  A  represent  the  msst,  C  tiie  nlone.  D 
the  deck,  and  the  line  C  E  will  be  ttie  disCBDoa 
that  the  mast-head  will  hare  maved,  while  tbe 
atone  would  have  fallen,  by  the  force  of 
gisyity  alone,  Iront  C  to  the  point  under  it 
on  the  deck ;  (he  mast  being  filed  is  carried 
forward  hy  the  aliip,  and  therefore  the  foot  of 
the  must  will  have  moTed  eqnally  with  tbe 
liead.Bnd  will  bars  reached  the  point  rorticslly 
beneath  E  when  the  atone  touches  tbe  deok ;  the 
atone  will  also  be  fbnnd  at  the  footof  themeit, 
havinj;  taken  a  diagonal  direction,  in  conae- 
quenee  of  its  being  impelled  al  the  same  time 
by  the  ahip'a  motion  iid  hy  its  own  weight, 
For,  if  it  had  not  bean  affected  hy  the  former  as  well  aa  llie  latter,  it 
would  have  fallen  where  the  foot  of  tbe  mast  was  when  it  be^^  to 
f^l,  and  not  at  ihe  actual  foot  of  the  maat. 

Aoy  one  who  baa  witnessed  tbe  common  feata  of  oqueatrian  eihi- 
biters  at  AWlej'a  amphitheatre,  or  elaewbere,  may  have  seen  a  man 
leap  from  the  back  of  a  borae  over  a  garter  or  ligadkercbief  stretched 
boriEonlally  acroaa  the  track  in  which  the  horse  wsa  galloping,  round 
the  border  of  a  circular  area,  and  the  horse  paaiing  under  tbe  garter, 
the  man  comes  down  again  on 

C 5- B  '''*  saddle,  after  finishing  hU 

p/!'Xb   I  leap.    To  do  tliis,  it  is  oiJy  ne- 

'  "^  ceaaan^forthetidertoapringup- 

right  from  tbe  eaddle.  on  whicb 

be  waa  previouBl;  atnnding,  uiit 

suffer  biioseir  to  sink  by  biaowg 
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from  A  to  B  if  the  horse  were  standing  still,  would  be  neaiij  in  tha 
line  £,  while  be  would  descend  in  tbe  correapondiag  line  F,  tfarougb 
thejoinleffeetof  the  forie  derived  from  the  liorae,  and  his  own  weight. 
Ae  lUlBi  of  which  alone  would  occBsinu  him  to  siuk  in  tbe  direction 
G  H,  or  C  D, 

Aa  it  hog  baeu  obaened  that  all  motions  are  reollj  of  a  compound 
nature,  reBultiug-  in  a  greater  or  \vaa  degree  fcom  combined  forces. 
it  may  aometimes  be  requisite  to  ascertain  the  separate  effecta  of  acting 
larees;  or  to  determine  what  portion  of  any  given  force  acts  in  soma 
direction  different  from  Ihkt  in  which  motion  tokea  place.  Tbe  opera- 
tion  reijuisite  for  this  purpose  is  called  the  Reaolntion  of  Forces,  tbe 
<AjeOt  not  being  as  before  to  discover  the  resultant  from  tlie  combining 
forces,  but  to  cfiscover  one  or  both  of  those  forces  from  the  resultant, 
a  If  s  compound  force,  acting  upon  a  body,  pro- 
duces motion  in  the  direction  A  B,  and  it  is  required 
to  Gud  the  part  of  that  force  which  sffects  tliia  body 
in  any  olhei  direction,  aa  D  C ;  br  drawing  A  i> 
perpendicnlar  to  D  C,  will  be  found  the  proportion 
which  the  abaolnie  force  bears  to  that  part,  which 
actiag  alone  would  produce  motion  in  the  proposed 
jiraction.  Hence  the  force  which  was  the  subject  of  inquiry  is  to  the 
whole  force  as  D  B  to  A  U. 

A  boat  may  be  moved  across  a  river  by  the  current  passing  in  a 
direotioD  parallel  to  its  banks.  To  effect  this  tbe  boat  mu»t  have  a 
npa  fastened  to  it,  the  other  end  of  which  is  connected  with  another 
jOpB  extended  directly  across  the  stream,  a  noose  or  ring  being  fixed 
io  the  first  or  boot-rope,  tlirough  which  the  sWelched  rope  is  passed  in 
>Dch  a  manner  that  the  ring;  may  alide  treely  in  either  direction.  Then 
tbe  rudder  of  the  boat  being  properly  tamed  to  receive  the  impulse  of 
As  cuirent.  It  will  pasa  across  tbe  river,  for  the  ropes  will  prevent  it 
ftom  being  carried  down  the  stream,  while  it  glides  with  ease  trans- 
Tersely  as  the  ring  of  the  boat-rope  slides  from  one  eitremily  to  the 
Other  of  the  extended  rope.  Part  of  the  force  of  the  current  in  this 
tue  ia  destroyed,  and  the  remainder  is  made  to  produce  a  motion  in  a 
diiectioii  difieient  from  that  in  which  the  water  is  Boning.  The  re- 
^iKity  of  the  current  and  that  of  tlie  boat  being  ascertained,  it  w 
lit  ean  to  oaloulite  what  proportion  of  the  moviiig  force  acted  on 
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i  Tbe  TiBTigBtor,  in  crosaiDg-  tbe  -wide  oceou, 
from  obflerriDg  tlw  course  of  hia  ahip,  a^cerlBUia 
tbe  loDgitude  and  latitude  at  different  perioda  of 
hia  TojBgu.  Thus,  Buppoaing  the  courae  of  • 
■hip  for  a  certsin  time  to  bo  tomrda  tlis  Bouth- 
west,  then,  if  D  A  and  B  C  represent  parsllelB  of 
:  latitude,  and  D  B  and  AC  parallBla  of  longitude, 
the  diagonal  line  A  B  will  deaaribe  the  ahip's  patb  tliniugh  the  sea ; 
and  the  differenss  of  longitade  and  latitude  at  certain  poinla  of  the 
ressel'a  tiKck,  may  thus  be  estimated. 

When  the  impulse  of  air  and  water  ia  employed  aa  a  moving  power, 
silhw  can  seldom  act  direotlT  and  with  full  force,  some  portion  being 
lost,  and  the  effect  consequently  diminiabed.  A  ship  sailiug  with  ■ 
aide  wind  baa  the  sails  set  obliquely  with  reapecl  to  the  course  pursued ; 
so  Che  TBnes  of  a  windmill,  and  the  float-boarda  of  an  undershot  water- 
wheel  are  mored  in  general  by  a  force  applied  in  a  atonting-  direction. 
Indeed  the  motion  of  a  windmill  would  be  prevented,  by  setting  the 
surface  of  tbe  sails  perpendicular  lo  Ihe  direction  of  the  wind.  In 
ibeae  and  many  other  cases,  only  part  of  a  moving  force  is  brought  inu 
-dfltiDn,  tbe  other  part  being  dissijrated  and  lost,  because  it  camiot  be 
made  to  act  in  tbe  required  direction. 


Among  the  causes  of  motion,  or  moving  forres,  there  are  flome  Ihe 
effects  of  which  are  aiiople  and  uniform,  producing  movement  in  ii 
single  direction  or  straight  line,  and  for  s  given  time,  proportioned  to 
tbe  degree  of  impulse.  Others  set  in  more  than  one  direction,  but 
Willi  combined  effect,  ao  as  still  lo  produce  uniform  motion.  Nattiie, 
however,  presents  to  our  notioe  motions  which  are  not  unifonn,  the 
velocity  of  the  moving  body  varying  in  different  parts  of  its  course, 
BO  that  the  velocity  or  rats  of  motiDn  may  gradually  inorease  to  a  cer- 
tain point,  and  bo  suddeuly  terminated ;  or  first  increase,  and  then 
decrease  till  it  ceases  altogether.  Motion  with  s  perpetnally  iacress- 
ing  velocity  is  called  BOcslerated  motion.  I'be  phenomena  of  simple 
and  compound  rectilineal  motions  have  been  already  described;  hut 
those  of  accelerated  motion,  which  come  next  to  be  considered,  cuuut 
be  fully  understood  without  a  previoua  acquaintance  with  the 
gravitation,  with  which  they  are  intimately  connected.    " 
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indiBAd  is  the  eSeel  of  tlie  property  of  gravity  or  weight  on  all  bodiM, 
witluD  the  reach  of  out  otiseriation,  that  iU  influEnce  is  perpetually 
uleriei'mg  willi  our  opetutioDH  and  siperimeiita  ;  and  hence  refarenre^ 
htre  neoeHaiily  beva  mode  to  it  in  the  preceding  pages,  as  in  eiplun- 
tag  tba  cause  of  the  decay  of  mottoo,  and  eUetFbere  ;  but  it  mil  bit 
lequisile  beie  to  tnlie  a  more  eitenaive  vieir  of  the  nature  and  effects 
of  lliis  important  principle. 

Gravitalioa  oi  Gravity  is  a  speciee  of  attraction,  and  is  aometinies 

Myled  gravitabre  a<tr«ctian,  by  which  apiiellation  it  is  distinguished 

'  Hu  eohegiTB  attrsctioD,  capillary  attraction,  magnetic  nttracCion.  and 

ber  fbreeHTVhich  tend  tnhriughodieainta  contact.  Most  of  these  forces 

kinds  of  attraction  are  pereeivad  only  under  particular  circumstanaes ; 

oohesive  attraction,  which  seeais  to  act  ou  solid  and  liquid  substances 

Dne,  Bad  not  on  gases ;  and  capillary  attrsction,  which  ooly  takes 

place  between  certain  fluids  and  solids.    But  the  attrsction  of  graviia- 

tioa  differs  from  other  altrHotivc  foroei.  in  being  a  common  property  of 

■1]  bodies,  since  every  thing  to  which  we  can  attach  the  idea  of  mate- 

riality  is  affected  more  or  less  by  gravitation. 

It  is  by  no  maauB  inconsistent  with  this  atatement  that  aome  bodies, 
,  lasessing  all  the  cbaractenslics  of  solid  matter,  capable  of  being  seen 
■ud  felt,  yet  in  certain  circnmatances,  instead  of  eimbiting  the  common 
affect  of  gravity,  in  falling  towards  the  earth  or  pressing  on  it,  display 
4bH  cantiarj  phenomeDaD  of  aaCBoding  from  it.  Tt)ua,  smoke  frill  bf 
•esn,  in  some  slates  of  the  atmosphere,  rising  in  a  column  to  a  consi- 
fUiable  height;  and  it  must  be  readily  conceived  that  all  the  moisture, 
trhich  falls  to  the  earth  in  the  forms  of  rain,  esow,  or  hail,  must  hare 
pteviously  rison,  by  evaporatiuD,  from  the  surjace  of  the  esrtb.  Evon 
lUlJd  masses  of  no  small  bulk  and  weight  may  be  made  to  ascend  to  a 
great  height,  aa  by  meana  of  an  air-balloon.  13ut  all  these  and  similar 
nluDoniena  are  in  fact  so  many  instances  of  the  effect  of  gravitation  ; 
fbr  tba  ascending  bodies  are  driven  upward  aolely  by  the  force  of  the 
IDMlium  through  which  they  pass  ;  since  the  psrticles  of  amoke  oi 
"ifKnir,  or  the  ballotm  with  its  car  and  contents,  cannot  advance 
pwaid  in  the  moat  minute  degree  without  diaplacing.  or  thrusting 
Bwnward,  pottiona  of  atmosphere  equal  to  their  own  bulk.  Hem-e  it 
'ill  be  perceived  that  aiiroatatical  bodies  do  not  ascend  because  lh«y 
^HBBJU  abaolate  levity,  but  simpljr  because,  bulk  fot  bulk,  tboy  are 
ligbter  than  tlio  air.     A  cork  or  a  piece  of  deal,  for  >}oe  amoa  i»i«nv. 


S4  MECIIAKICB.  ^^^^^^H 

•cill  tout  on  wiTer,  and  if  pr^Bsed  dowa  in  it  will  rise  sgnin  to  tbft 
Btirface,  by  llie  effect  of  rclntiro  levi^. 

All  subalanres,  tlirn,  (^vitale  toiriuilK  tlieeHTtli ;  (hnt  ia,  thev  bRTC 
weipht,  wliich  orcdsions  them  to  fall  to  the  earth  when  ciroppeJ  from 
»  teighl  ahoye  it ;  to  rest  upon  it  willi  ■  certain  degree  of  pifatnra, 
according  to  circumslaneeB  ;  or  if  rendered  hnoyanl,  to  ri»e  in  ibe  «- 
mospUere  Butrounding  the  earth,  till  tliey  reach  n  part  of  it  where  it 
i«  leaa  dense  than  nenr  the  SDrface,  w>  Ihal  a  portion  of  it,  preciBslj- 
eijnal  lo  their  hulk,  wonld  eiBctlj  counterpDise  them,  and  there  of 
ronne  they  could  neither  rise  nor  fall,  without  an  nllentian  of  tbeir 
own  weight  tBliing  place.  In  the  c«se  of  an  nii-ballaOD,  the  BKromnla 
linre  the  means  for  legeeoing  its  buayimcy  whenever  they  may  find  it 
eontenlent,  by  opening  a  tbIbb,  and  letting  out  a  part  of  the  co»l-gs«, 
or  light  air,  to  wbioh  it  owes  its  ascending  force ;  thns  tliey  can,  at 
ony  time,  render  the  wcigbt  of  the  whole  apparatus  much  greater  llisn 
■hat  of  an  equal  bnlk  of  ntmOBplieric  air,  and  tliOD  it  mast  fall  to  tbe 
[TTOiuid.  Smoke  only  remains  BBEpended  till  its  particles  anile,  and 
thus  becoming  heavier  than  tbe  air,  Ihey  descend  in  the  form  of  small 
flakes  of  Boot,  rnieringwith  a  dingy  coat  or  incrustation  all  buildinga, 
after  a  lime,  in  Inrga  and  populous  places.  Watery  lapoura  are  merrfy 
Jons  of  water  formed  into  very  minute  bubbles  by  the  infiuence  ^ 
. :  end  wben  p-eal  multiladrs  of  tliem  meet  toReCher  at  a  certain 
clwation,  wliere  they  (ire  of  nearly  equal  weipht  with  lh«  air,  tb»jr 
Boat  about  for  n  whiU  in  the  form  of  clnuda,  till  at  length,  from  caosei 
witli  wbicli  we  are  but  imperfectly  acquainted,  the  cloods  becom* 
rondenied  into  drops  of  water,  which  being  htarier  than  the  air,  HUl 
in  the  state  of  rsin  nr  bail,  according  to  the  temperature  of  that  part 
of  Iho  Btmoapliere  through  wbich  tbey  pnsa. 

Let  us  suppose  for  n  moment  lhatn-)iile  a  mass  of  smoke,  a  eland  of 
Tnponr.  und  an  air-halloon  were  hovering  in  tbe  air  near  together,  and 
Bl  precisely  the  same  height,  it  were  possible  to  withdraw  from  under 
them  the  support  of  the  atmosphere,  it  will  he  immedialelv  perceived 
Ibat  they  most  fall:  but  proboblj  the  younft  render  will  be  sui^riaad 
to  learn,  that  they  wonld  m>t  only  fait,  but  likewise  that  tbev  would  til 
fall  tfarnueli  Hie  same  apace  in  the  same  time  ;  ao  that,  if  'tbnir  con^ 
n  height  had  been  lire  hundred  feet,  tlie  amoke  and  the  cloud  woohl 
llBve  reBcbed  the  sarface  oT  the  earth  at  the  same  instant  x-ith  tba 
balloon,  tbough  the  latter  might  in  weight  far  eii^eed  the  other  tan 


be  im^aed  tbnl  llie  ci 
Here  phtloaophiciil  canjeclutc,  or  that  it  cnnnot  be  conGrmod  by  ibe 
it  of  experiment ;  jbr,  ibough  it  ia  impoasihle  to  Bimihilale  the  at- 
isphere,  or  eflectuall;  remore  il  trom  benealb  an  air-balloon,  or  any 
Mier  body  aiispended  in  it,  jet  on  a  imall  Knie,  •ppearancea  preoisaly 
■''■■'  1  deeoribod  may  bo  Baaily  Bxhibiled 

Let  A  represent  a  tail  b«Il-glBS9,  open  at 
ttiB  bottoiD,  and  liBTing  tbe  lopcloaed,  so  aa 

through  wbich  pnesea  tba  wire  C,  fitting 
close,  but  capnblB  of  being  turned  witliOQt 
admitting  the  air.  The  lower  end  af  the 
wtre  must  be  made  to  support  a  sasll  stage, 
A.  the  two  aides  of  whicb  D  D,  will  fall  and 
sepomte,  when  the  wire  ig  turned  ia  a 
troDaverse  direotion.  'I'ben,  the  Btagu  bein)^ 
fixed,  a  soTereign  and  a  fentber,  K  and  F,  ur 
any  two  small  bodies  differing  greatly  in 
their  comnaTatiie  weight,  may  be  laid  on  tbe 
stage,  and  the  bell-glasa,  or  as  it  ia  OBlled, 

air-pump,  muat  bo  eihausiod  of  the  air  il 
eontsined.  This  being  done,  if  the  two 
odieS  K  and  V  are  mnde  to  fidl  hy  turning  the  wire,  it  will  invariably 
t  ibaad  tliat  they  will  both  atrike  the  plate  of  the  air-pump  beneath 
tem  at  the  same  point  of  time. 
The  inflnence  of  gmviiation  ia  not  only  extended  to  all  bodies  on  or 
eu  Ilia  surface  of  tUe  earth,  but  likewise,  as  we  have  Iheulmostreasou 
i  beliere,  to  all  bodies  in  the  universe.  This  ia  not  the  proper  piaoe 
•  describe  the  nature  and  operation  of  thnae  foreea  which  regulate 
M  nrbita  uf  tbe  moon,  tbe  placets,  aud  the  cornels  belonging  to  the 
liar  system;  but  it  may  be  here  obaerved  that  Sir  Isaac  Newlol 
bflorered  gravity  to  be  the  cause  of  all  the  motiona  of  the 
!hji«s;  and  that  tbe  laws  of  gravitation  displayed  in  tbe 
trolution  of  the  Moon  round  tbe  Earth,  the  annual  circu 
krtb  round  the  San,  and  the  corrssponding  motions  of  t 
haets  and  tbeir  BBlelUles  are  capable  of  the  strictest  mati 
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Graritative  attraction  acta  upon  oil  bodieflj  witb  forces  proparEioDed 
to  their  taaeaea.  Thus  anppoae  two  bodies  bo  situatBj  as  to  be  wlioUy 
axemf^t  from  the  influence  of  uij  attnictiuii  except  Chat  resulting  Irom 
Iheii  gTSTilstion  towards  eacli  other,  (lie;  will  theu  approach  with 
velocities  correB ponding  with  their  respective  forOHS.  If  the  lai;^ 
of  the  two  bodies  be  double  the  size  of  Ihs  smaller,  the  former  will  an 
with  twice  the  force  of  the  latter ;  and  therefore  while  the  small  bodj 
will  more  two  feet  in  consequence  of  the  double  power  of  the  larger 
one,  the  larger  will  more  but  one  foot  drawn  bjthe  single  power  of  1}|S 
smaller.  If  tfae  larger  body  be  four  times  the  size  of  the  other  it  will 
eiert  four  times  aa  much  BttrBCtive  force,  or  make  the  smaller  body 
move  with  four  times  as  great  velocity  ns  itwonld  if  the  massea  of  tlie 
bodies  were  equal.  Hence  it  may  be  regarded  as  a  general  law  of 
gravitation,  that  while  the  diatanca  between  two  bodiea  remaiiia  un- 
^tered,  they  will  attract  and  be  attracted  by  each  other,  in  proportion 
to  their  respective  masses  ;  and  therefore  any  increase  or  decrease  of 
the  maaB  must  oocaaion  a  corteapondiug  inoreaae  or  decrease  of  the 
amount  of  attractive  force,  as  measured  by  the  velocity. 

Since  gravitalive  attraction  is  a  common  property  of  all  bodies,  it 
may  naturally  be  inquired  why  all  bodiea  cot  faatened  to  the  earth's 
surface  do  not,  by  their  motual  attraction,  come  in  contact ;  or  by 
what  means  the  force  which  they  derive  from  gravitation  ia  preveott^ 
from  appearing  in  their  relations  to  each  otjier,  A  little  reflaclion 
will  show  that  the  cause  of  this  seeming;  inactivity  of  bodies  at  rest  is 
theoverpovtering  influence  of  the  earth's  attraction.  If  a  small  par- 
ticle of  matter  were  placed  at  the  suriace  of  a  solid  sphere  or  globe  of 
gold,  one  foot  in  diameter,  its  grsvitation  (O  the  earth  would  be  more 
thui  ten  millions  of  tiinea  greater  than  its  gravitation  to  the  gold.  For 
the  diameter  of  the  earth  is  oearly  forty  naijlions  of  feet,  and  the  density 
of  gold  is  nearly  four  times  the  medium  density  of  the  earth  ;  therefore 
in  a  second,  the  psrticle  would  approach  the  gold  less  than  the  ten 
millionth  part  of  sixteen  feet,  a  space  utterly  imperceptible.  It  isalao 
awing  to  the  immeDse  diiference  in  the  mass  of  tbe  earth  end  that  of 
anyone  body  on  its  surface  that  the  attractive  influence  of  bodies  iidling 
towards  tbe  earth  produces  an  effect  in  drawing  the  earth  upwards  aa 
insignificant  as  lo  be  infinitely  beyond  the  resch  of  our  observation, 

Thotidi -we  cannot  institute  direct  in vestigationa  of  tbe  compnralivB 
eSecl  of  gravitation,  by  making  experiments  on  detached  masses  wbosa 


nie  been  any  conaiderable  propoitian  to  that  of  (be  euth,  yet 
Jieabown  tliat  partially  uolnted  poitions  of  the  earth'a  surnce 
\  a  aenaihie  degree  of  graTitatiTe  atEiaodon,  when  small  bodies 
joglit  ueni  them.  A  niouDtain  two  milas  in  height  and'  of  a 
jliericel  figure,  naiag  ia  a  leTel  coimtr)>,  would  cause  a  plunicael 
ided  beiide  it  to  deviate  one  miDute  of  b  degree  from  the  per- 
alar  direction  which  gravitation  towards  tlio  oortb  would  othet- 
toduea.  ObserTatiooa  of  tliia  nature  hare  been  actually  made 
'^an  one  occasion.  The  French  Acudetoiciana,  Dounier,  De 
me,  and  olheca.  «rhaa  eniplaved  in  meaauiing  B  degree  of 
an,  in  Peru,  towards  the  middle  of  the  last  century,  haTiog 
ilhtii  ahaerratory  on  the  north  and  then  on  theaouth  sideof  tha 
iDDlain  of  Chitnborazo,  found  that  the  plummelB  of  their  quad- 
era  defliKtad  towards  the  mountain.  The  manner  in  which  these 
phaia  ascertained  the  amount  of  the  deflection  of  their  plnmmets 
thiu  concisely  explained : 

object  being  to  delennine  the 


.th  disi 


IB  of  a 


e  position  of  a 


cesanry  to  regulate  tl 

plummet  of  which  instead  of  hDQging 
in  the  rertieal  lines  A  P,  and  C  H,  on 
the  opposite  sides  of  the  mouDtain, 
was  found  lo  take  the  poaitiona  A  B, 
and  C  D,  and  thus  the  star  seemed  to 
hare  the  lenith  distances  e  I,  and  g  I, 
instead  of  H  l,and  G  1,  which  it  ought 
to  hsTe  had  :  hence  it  is  obrioua  lAat 
the  nlummet  was  drawn  aside,  by  the 
of  the  monntatn,  from 
its  proper  direction  perpendicular  lo 
the  earth's  surface,  through  a  space 
capable  of  being  estimated  by  the 
differences  perceived  in  matiag  ob- 
"  "  "*  na  on  the  star  I  from  the  op- 
idea  of  the  attractiDg  mass, 
thus  observed  by  the  French  philosophera  having 
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^Ten  riia  Co  diicusBion  among  men  of  acience  in  different  oountriK^ 
it  was  ChougbC  deiinble  to  ascertain,  bj-  experimanCa  msde  for  lliat 
pRiticiilar  purpose,  the  Ttlidi^  oF  the  cause  sBsigned.  King  George 
111.  Iherenre  wag  induaed  to  send  tbe  Astronomer  Royal,  Dr.  Mos- 
kfllrne,  to  Sootland,  in  1773,  to  make  similar  experimenu  oa  the  north 
and  eouth  lides  of  Scbehallian,  k  lofty  and  solid  mountain  in  Perlh- 
■bire,  well  adapted  for  tlie  purpose.  The  deTiation  tqtrarda  the  moan- 
Iain  on  each  aide,  traa  found,  after  the  moat  scctirata  obserrationa,  to 
exceed  sefea  aeconda  ;  thus  confirming  the  inferencea  of  preceding 
obaerTera,'  and   pro7mg  the    universal  operation    of  gravitativc  tt- 

The  influence  of  general  graTilation  was  alao  eipariraenttDy 
demonstrated  in  a  different  manner,  bj  Mr.  Henry  CaTendiah,  in 
ITSa. 

Two  amall  mstallic  InlK  C 
and  D,  vrere  liied  to  the  oppo- 
gileendsof  a  lery  light  deal  rod, 
which  was  eUBpended  hoiiiOn- 
tally,  at  its  centre  E,  by  ■  Ene 
wire.  This  arm,  nfter  oscilladng 
some  time  horizontally  by  tlw 
■imtingand  untwiiting  ofthe  wire,  came  to  rest  in  a  certain  posiliim, 
Tro  great  spherical  masaes,  or  globes  of  lead,  A  and  B,  were  then 
brought  into  Buch  s  position,  that  the  attraction  of  either  globe 
would  turn  tlie  rod  C  D  on  its  centre  E.in  the  same  direction.  'BjtA- 
serrlng  the  extent  of  the  space  through  which  IbeendaTtherodnioTed, 
and  the  times  of  the  oscillaliona  when  the  globes  were  withdrawn,  ths 
proportion  waa  discocered  between  the  effect  of  the  elasticity  of  lbs 
wire,  and  the  gravitation  of  the  balls  towards  the  leaden  glofca;  tad 
a  medium  of  all  the  observations  being  taken,  the  eiperimentnJiat  wM 
enabled  to  uc^rtaiu  not  only  the  actual  influence  of  gravitalion  « 
terrestrial  bodies  ia  general,  but  likewise  its  relatiTe  influeace  as  d>- 
panding  en  the  denaity  of  the  attracting  body. 

As  gravilative  attraction  draws  bodies  toward*  Iho  centra  of  the 
attracting  mass,  it  might  be  eigjected  that  bodies  under  the  influence  E^ 

CvicaCion  woold  diverge  somewhat  fiom  a  line  perpendicular  U  m 
izonltJ  plane  beneath  ihem,  ^^— 


.LLIXG    BODIE 


This  indeed  u 

precisely  w 

hat  take 

s  place ; 

Hud  if  we  imu^n 

'apai/of 
be  forme.1 

Bcalea,  a 

s  in  the 

marginal  figuru,  to 

D  such  B 

manner 

as  to  beara   car 

ain    propon 

sphere 

towards  the  ceati 

e  of  which 

each  soule"  wo. 

flltraeted,  tbe  effect  would  be  ohtiou 

a.    But 

(he  magnitudes  a 

anvWi« 

which 

make  tl 

tromely  inconsiderahla  wjien  compared  with 
that  of  tlis  earth,  as  to  render  (he  deHation 
from  the  (lerpeadicular  in  lines  which  are 
aotually  coHTUrgent  quite  imperceptible. 

It  must  also  he  couaidered  ihet  thongh  tbe 

Vrand  uid  preponderating  force  of  gravitation  ia  directed  towanlb  the 

"TtrB  (aod  all  bodies,  lilte  those  just  mentioned,  are  attracted  towards 

I  eaith's  central,  yet  every  particle  likewise  has  an  attractive  power, 

mfara  the  gravitation  of  bodies  on  the  enrth'i  surAice  is  the  uSect  of 

I  attraction  of  its  entire  mass.     Hence  in  the  inveati^tion  of  the 

anomena  of  falling  bodies,  it  may  be  assamed  that  all  the  particles  of 

I  nuDe  body  are  attracted  in  parallel  directiona,  perpendionlarly  |o 

borixontal  plane ;  for  the  spucea  through  which  bodies  fall,  while 

«nd«T  out  observation,  are  nut  of  sufficient  eitetit  to  render  it  necea- 

■vythst  any  allowance  should  he  made  for  the  effect  of  direct  attraction 

"-tiFirdg  the  centre. 

Tbe  stighteal  observation  will  enable  any  one  to  ascertain  that  the 
tea  of  a  felling  body  increases  io  proportion  to  the  height  from  which 
bai  fallen.  Wheo  bodies  are  precipitated  from  a  great  heiglit,  they 
■tnke  witli  violence  sgoiust  a  resisting  surfaoe,  or  penetrate  deeply 
•  yielding  mass.  Aerolites  or  meteoric  stones,  which  are  heavy 
cs,  resembling  iron  ore,  several  of  which  bava  fallen  from  the 
Vt  diSereat  periods,  have  aoroetiines  been  found  to  sink  deeply 


ly,  wlien  dropped  from 
1  successively  sufi'ered  ti 


It  heights"     A  marble  ot  a  tnoVw.- 
a  piivemenl,  (com  liie  tb&'JI*^"'^' 


heJeltU  of  >  fool,  *  ^ard,  and  double  or  treble  thai  beif^t,  would  i.. 
hifoer  uid  lilgher  si  each  trial,  according  to  Iha  extent  of  tlw  Bpue 
tbrotigh  which  it  had  fstlea.  More  exact  eiperimenls  might  be  insti- 
tuted hy  fonnipg  lliree  or  four  halts  of  suit  wii  ot  moist  clay,  aiBcti; 
of  oqual  weight,  b»  one  pound  each,  and  letting  them  drop  from  HBn- 
snt  lieighta  on  aame  qmoolh  hard  surface  ;  when  it  would  be  peroeirtd 
that  each  ball  hbb  indented  or  flattened,  on  the  side  on  whicb  it  hid 
ftllen,  more  or  leM  deeply  in  proportion  to  the  extent  of  the  apice  it 
hod  fallen  througli. 

Hnvin^  thus  ascenained  that  (he  Telocity  of  a  falling  body,  aa  de^ 
noted  by  ila  finnl  force,  is  increased  hy  theaugmentalion  of  the  distance 
pused  through,  it  becomes  an  interesting  speculation  lo  deterniiiifl 
what  are  the  relative  degrees  of  veiocily  produced  by  given  diBtaooes  and 
times  of  descent.  In  odierfrorda,  it  ia  desirable  to  know  wliethsr  a  bodf 
filling  through  a  siiace  during  two  aeconds,  or  two  minntes,  woiikl 
fall  OS  feat  igain  in  the  aeooad  period  aa  it  did  in  the  first,  or  thres 
times  ns  fast,  ten  times  as  fast,  or  in  what  other  rado  of  accelerUioa. 
This  ia  ohTiousty  a  question  of  the  relation  hetneen  time  and  apace, 
for  Telocity  is  the  measure  of  [hat  relation.  Now  tlie  motion  produced 
by  graritatiTe  attraction  is  a  continually  incressiiig  motion,  so  that  t 
body  under  the  influence  of  gravitation  will  not  fall  through  exactly  the 
same  space  in  any  two  conaeculire  periods  of  time,  however  inconsidet- 
Bble.  For  if  we  could  aupposo  a  single  aecond  to  be  divided  into  » 
thousand  parts,  a  falling  body  would  yuss  through  a  greater  apace  in  lbs 
aecond  thousandth  part  of  the  second,  than  in  the  first  thouaandth  [lart, 
and  ao  on  in  like  manner  througliout  ita  course.  However,  in  ordtl 
to  find  out  the  rate  or  ratio  of  the  increasiog  velocity  of  falling  bodiei. 
it  icill  be  lufficient  to  Icnow  whut  ia  the  distance  pasaed  through  by  ■ 
descending  body  in  each  succeeding  second,  minute,  hour  or  any  other 
equal  portion  of  the  time  of  ita  whole  descent. 

When  we  coaaider  the  varioua  circomstaaces  which  interfere  witli 
the  motion  of  fulling  bodies,  some  arising  from  the  resistaace  of  the 
medium  through  which  they  pass,  and  other  incidental  aouroea  of 
irregularity,  others  from  the  varying  force  of  gravitBtion  itself,  at  dif- 
ferent diatances  from  the  centre  of  attraction,  it  Trill  be  at  ouce  per- 
ceived that  the  inquiry  before  us  ia  surrounded  with  difficultiea.  It 
is  no  wonder  then  tliat  very  confused  and  erroDBOUS  notioDS  oonoen- 
ing  this  subject  prevailed  till  a  comparatively  recent  period,    Ariatotlo, 
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ilrboie  apinions  wero  lorg  ragncded  as  indinpuMble,  stites,  in  his  pbi- 
lOBOpbickl  wrilingB,  ttmt  if  one  body  biB  leD  timea  Uio  donsity  ofinuithei, 
^*''  will  mOTB  with  ten  tiines  the  velotitj  ;  Bod  that  both  bodies  being 
t  bll  blether,  (he  first  will  fall  through  [en  times  the  space  thit  the 
lierwill  in  the  same  time;  besides  otbCT  erroneous  doctrines,  which 
ere  generally  received  till  bis  tlieorr  was  overtnmed  by  ihe  discoTe- 
SB  of  the  celebrated  ItahBU  pbilosopber  Galileo,  towards  the  end  of 
le  sixteenth  ceatnry.     He  sbawed  that  bodies,  under  the  influence  of 

itation  alone,  would  lUl  through  spaces  as  tbe  aquarea  of  the  times 

scent :  that  is  that  a  body,  which  would  fall  through  one  inch  in 
nalant,  would  fall  through  four  inches  io  two  instants,  and  nine 
w  in  tliree  inslaote  *,  for  the  square  of  any  number  is  the  product 
if  tbst  namber  multiplied  by  itself,  so  four  is  the  square  of  two,  nine 
*  ~  ~quare  of  three,  £cc.  The  prinoiple  thuii  laid  down  by  Galileo, 
^n  disputed  by  some  later  pbilosopbere,*  bes  not  only  been  trium- 
iLantly  establitiied  as  a  positive  law  of  nature,  irith  regard  lo  Mlio); 
lOdies,  bnt,  as  already  mentjoned,  it  has  been  shown  by  Sir  Isaac 
lewion  that  it  is  a  general  law  of  nature,  eitendiog  to  the  motions  of 
be  celestial  bodies  composing  the  anlar  system. 
In  order  lo  apply  this  principle  to  the  purpose  of  ascertaining  the 
■ciae  ratio  of  the  accelerating  veioci^  of  felling  bodies,  it  is  neceS' 

iBt  GOmmBQce,  and  lo  determine  what  space  a  body  will  fall  tbrough 
that  portion  of  time ;  and  these  data  being  furnished,  the  application 
i;  be  tesdilj  explained. 
But  belore  we  proceed  to  the  fiirtber  consideratioa  of  the  velocity 

>  The  roUowing  quoUtlon  will  evince  that  the  authority  at  Galiloa 
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of  fulling  bodies,  as  the  effect  of  a  uDifoTml/  Hflcelented  force,  it  will  It 
proper  U  observe  tfaat  it  can  ooly  be  tlius  striotlj  estimated  nith  rv- 
apect  to  bodies  falling  Ihrougb  limited  spaces,  as  sbort  dislaoces  from 
tile  surface  of  tbe  eartb,  where  the  ioieaBitj  of  the  giaTitating  force 
maj  be  ragsrded  as  continuing  the  aame  during  tlis  whole  period 
of  descent.  For  not  onlf  doea  the  velocity  of  graTitating  bodies 
in  descent  become  scc^lerated  as  thej  approach  the  centre  of  attrsc- 
ticn,  hut  the  intcnalty  of  the  accelerating  force  ia  alao  condnuaUy  in- 
creasinv.  And  on  tbe  contrary,  the  intensity  of  the  force  diomuabaB 
w  the  distance  incrBasea.  Hence  tbe  velocity  of  a  body  failing  from 
a  great  height,  as  fifty  miles  from  the  earth's  surface,  would  incteise 
ina  amaller  ratio  at  the  beginmcg  of  its  descent,  and  in  aniucbereMet 
ratio  towards  the  end  of  its  descent,  than  that  of  a  body  fulling  tbrouKh 
only  as  many  feet.  The  force 'bf  gravitation  ia  to  be  eatimaled  by  Ua 
same  rule  that  baa  been  already  staled  as  applicable  to  the  velocity  of 
felling  bodies.  It  increases  as  tbe  equareu  of  the  distanced  of  bodies 
decrease,  and  decreases  as  tbe  equnres  of  their  diaCancea  increus. 
Thus,  if  one  body  sttracis  another  with  a  certain  force  at  tbe  distanoe 
of  one  mile,  ilwillattract  with  four  times  the  force  at  half  a  mile,  nias 
times  thaforceatone-tbirdof  a  mile,  and  ao  on  in  proportion  ;  audon 
the  contrary,  it  will  sltroct  with  but  one.foBTtb  the  force  at  two  miles, 
ono-ninih  tbe  force  at  three  miles,  oae-siiteentb  of  the  foieo  at  foor 
milea,  and  so  On  aa  Iba  distance  increases.  Applying  this  principle 
to  the  gmvitative  attraction  of  the  earth,  it  folloira  that  its  force  most 
be  four  times  greater  at  tbe  esnh'a  surface  than  at  double  llist  distance 
from  ita  centre ;  and  as  the  weight  of  bodies  is  estimated  by  tbe  pres- 
aure  or  giavitatiug  force  with  which  they  tend  towards  Die  earth,  • 
body  weighing  one  pound  at  the  earth's  surface  would  have  only  one< 
tburtb  of  that  weight,  if  it  could  be  removed  as  ftr  from  the  surface  of 
tbe  earth  as  Ibe  surfsce  is  (rom  the  centre.  And  at  the  distance  of 
the  moon  frouj  the  eartb,  which  is  S4l),000  miles,  the  weight  or  gra- 
vitating fcrca  of  the  same  body,  aa  affected  by  the  attraction  of  the 
earth,wouldheequBl  to  only  the  3600  th  part  of  a  pound.  For  reckon- 
ing the  distance  of  tbe  earth  a  gurfoce  from  its  centre  to  be  4000  miles, 
tbst  is,  half  its  diameter,*  the  distance  of  the  nioun  would  he  sixty 
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iBi  as^GBt,  and  the  square  of  that  nniDher,  or  3600,  iroald,  ut  jOjA  I 
iCedi  iodieite  the  decreue  of  gravity,  nt  the  distance  of  940,00^  1 
Im  Ironi  the  surface  of  the  earth.     This  decreaae  of  icvight,  in  pnN 
rtion  tOlheaiiuaresofinoreosiDgiiiBlanoea,  might  in  some  situntioM 
b  made  the  subject  of  eiperimanl,     A  liall  of  iron,  weighing  n  thou- 
id  pounds  M  the  level  of  the  aea,  would  be  perceived  to  hnvs  lost 
o  poundi  of  its  weight,  as  ascertained  by  s  spring  balance,  if  taken 
Mltn  top  of  a  mountain  fonr  miles  high.     The  anme  body  remnved 
Ann  Edinbai^b  to  the  nocl))  pole  would  gain  the  mldition  of  three 
IKmndat  and  if  conieyed  to  the  eqastor.  it  wonid  anffer  a  loss  of  fouv 
■ouods  and  a  quarter.     To  arcount  for  the  loss  of  waight  iu  the  last- 
aantioaed  gitualion,  it  must  be  recollected  Iliat  the  eartli  ia  not  a 
Mriect  apbere.  hut  that  its  figure  is  spheroidal,  the  diameter  of  the 
'■■rth  from  pole  to  pole  being  somewhat  less  than  in  the  line  of  tlin 
.•qiittor;  the  equitorisl  regions  therefore  must  be  more  distant  from 
die  centre  of  sUriction  than  the  polar  regions,  and  the  force  of  gravi- 
in  at  the  former  conBOquontlj  less  than  at  the  latter.     Hence  (he 
|K>int  of  preatest  nttraction  must  be  at  either  of  the  poles ;  for  if  Ihu 
iron  ball  just  mentioned,  could  be  conveyed  to  the  depth  of  four  miles 
within  the  bowels  of  (be  earth,  it  woold  be  found  to  be  lighter  by  one 
poond  than  at  the  sorfsce ;  since  it  would  be  attracted  on  every  side, 
-  ad  the  ibrca  of  grsvitalion  upwards  would  in  aotne  degree  counteract 
le  preponderating  force  with  which  it  would  press  downwards.     If  it 
'ere  possible  for  the  iron  bull  to  reacbthecentreof  the  earth,  it  would 
■neoeasarily  there  lose  the  whole  of  its  weight,  for  the  attraction  of  gra- 
vitation acting  equally  in  every  direction,  no  effect  wonld  be  produced, 
Knd  Uie  ball  would  he  fixed,  as  if  encircled  by  an  infinite  number  nf 
Dagnetic  points. 

Connected  with  this  part  of  the  subject  tltere  ore  some  curious  pro- 

"    OB,  the  solution  of  which  requires  matliematical  aalculations.  but 

nesoltB  alone  are  here  introduced,  as  furnishing  interesting  illnalra- 

s  of  the  power  of  gravitation. 

Suppose  the  axis  of  the  earth  were  perforated  from  polo  to  pole !  a 

'body  falling  through  ths  perpendicular  bole,  bein^  attracted  on  all 

"■'■»,  would  be  nrEed  downwards  only  by  a  predominating  force,  pro- 

C'onal  to  its  distance  b-om  the  centre.     The  yelocily  Bcr|uirpd  ut 
centre,  reckoning  the  length   of  the  aiis  7900  miles,  would.  *!« 
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Conceiie  a  body,  under  ihe  mt^re  influeDCB  of  (etTeatrial  HttrBelieoii 
lo  fall  from  the  orbil  of  the  moon  lo  the  earth's  auriiice.  At  Ihe  mem 
diatancs  of  sixty  semitliameteia  of  the  earth  fmm  itssurfaae,  Iheinicilil 
force  would  be  diminUlied  S600  times  :  witli  ttie  lame  continued  M- 
celentiou.  therefoie.  it  would  consume  s  petioA  o[  iiS6,57S  aeconda.  or 
six  d]i7B,  two  hours,  sixteen  minutes,  aud  eighteen  asconda,  in  per- 
rorming  the  whole  deacent.  The  final  velocitj,  on  thia  auppogition 
being  46BO  ^  feet  eocli  secnnd.  Such  would  be  the  lime  of  descent 
under  the  iunuence  of  tinifoim  acceleration ;  but  the  time  required 
witli  on  acceleration  infersely  as  the  liquare  of  the  distunce  from  the 
reiitre  would  be  only  414,645  seconds,  or  four  days,  nine  lioarg,  ten 
minutes,  nnd  forty-five  seconda.  And  in  this  case  the  final  velocity 
would  be  36,356 'i,  feet,  or  about  seven  miles  ench  second.  Abstract- 
ing then,  from  the  resistance  of  Ihe  atmosphere,  a  body  propellad 
directly  upwards,  with  this  Inst  velocity  of  36,S56|*^  feet  in  a  second, 
would'  mount  to  the  orbil  of  ibe  moon  ;  but  with  the  addition  of  one 
hundred  and  twentieth  nsrt  more,  or  30o  feet  to  every  second,  it 
would  reach  the  sun;  end  with  the  further  acceleration  of  less  than 
one  foot,  nmnuntiug  to  36,562jJ,}  eaeli  second,  the  body  would  be 
enabled  to  continue  iU  flight  into  the  regiong  of  boundless  space.f 

AcceUraltd  Motiim. 

The  iacreRse  or  occetecatioD  of  velocity,  from  the  force  of  gnviU- 
tive  attraation,  has  been  stated  lo  hi>  na  the  scjuares  of  the  numbers  tf 
presmling  B((unl  portions  of  the  time  during  which  a  body  falls,  K 
has  been  found  convenient  lo  consider  the  time  of  descent  of  fiUinf 
bodies  as  divided  into  seconda,  so  ihnl  if  a  bodv,  utider  the  ioSaeof 
of  gravitation  alone,  falla  one  foot  in  one  second,  it  must  fall  fnorffa 
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a  tm  seeondE,  niae  in  three  aeoonde,  Biiteen  ia  foui  gecondi,  md  ao 
>D,  in  progreBsioD  ;  the  squares  uf  ths  nuiubera  of  tbe  aecomJi  ahowin^ 
Jie  number  of  feel  passed  through  bj  tbe  falliug  bod/  at  the  end  uf 
each  aeoond.  In  order  to  diacorer  tbe  distanoe  paaaed  tbrou^Ij 
n  each  particular  aecand  of  the  time,  it  is  merely  requisite  to  suh- 
tnU,  irom  Iho  whole  distance  completed  at  the  end  of  that  secood, 
the  number  of  feet  at  the  end  of  the  preceding  second.  Tbua,  from 
4  feet,  the  distance  in  Itroaeeonda,  lake  1  foot,  the  distance  in  the  Snt 
•eeaaJ,  and3  the  retuainder,  nill  be  the  numberof  feet  passed  through 
in  the  second  second  only;  &om  9,thBdistani;ein  three  seconds,  take  i, 
the  preceding  distance  in  the  first  tiro  aecoads,  aod  the  Temaioder  6 
will  be  the  distance  in  tbe  third  second  ;  so  from  16,  the  distance  ia 
Jbnr  seconds,  the  preceding  distance  of  9  being  subtracted,  will  leave?, 
the  disCuDce  in  the  fourth  second. 

Gratitstiou  beuig  a  continually  acting  force,  a  bod/  falling  througb 
Is  influence  alone  would  in  eTery  iustant  of  its  descent  move  faatn 
than  in  tbe  prucediog  instant,  and  conaequently,  at  the  end  of  any 
given  time,  it  would  be  impelled  by  a  force  beyond  that  which  carried 
it  througli  tbe  preceding  apaoe.  This  force  may  be  estimated  in  the 
fbUowing  manner.  Suppose  a  body,  utter  having  fellen  during  otte 
~  oond,  by  the  impolae  of  gravitatioa,  to  be  no  longer  acted  on  by  iiu 
celerating'  force,  but  to  continue  its  motiun  with  tus  velocity  already 
acquired,  deacribiog  Ihrougli  the  remaindar  of  ilii  deai^eat  equal  Epacea 
in  equal  tunes.  In  such  a  cue  it  nonld  be  found  that  the  Tailing 
body,  in  every  Buccessive  second  of  its  descent,  after  the  first,  would 
pass  tJirough  iwiee  the  space  tbrough  which  it  had  fallen  in  the  first 
,  MKiond  by  the  force  of  gmvitation.  And  the  velocity  being  estimated 
by  tlie  Bpvee  described  uniformly  in  one  second,  it  follows  that  the 
velooity  acquired  in  one  second  must  be  equal  to  double  the  space 
duoogt  which  a  body  would  fall  freely  by  the  action  ofgmvity  in  one 
Hocnd,  Since  then  tbe  velocity  increases  in  the  same  proportion  as 
A»  time,  it  would  be  twice  as  great  at  the  end  of  the  aecand  second,  i 
It  tbe  Bod  of  the  first,  thrice  us  great  aa  ut  tba  end  of  tbe  third  seconi 
Ind  soon, 

Tba  following  table,  cooatructi^d  on  the  supposition  that 
would  fall  tbrough  one  foot  in  the  firs!  second  of  its  dusceut, 
Dishing  the  most  simple  results,  will  aSbtd  some  further  illust 
of  (be  position*  laid  down. 
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It  will  at  once  appear  from  tlia  inspection  of  this  table,  th»l  the 
timsof  descent  of  Falling  bodies  increasing;  OS  tbe  nDmberal,  3,  3,  &o., 
and  iLe  entire  spaces  passed  through  as  the  squares  of  those  numben, 
the  BugmenCation  of  Telocity  will  be  represented  bj  the  even  numben. 
in  regular  progression,  and  tlie  spaces  passed  throngh  in  each  eeoond 
bjr  the  odd  numbers.  The  aum  of  the  nomber  of  feet  in  tlie  fourth  oo- 
lumn  will  of  tooj-se  give  the  number  of  feet  fallen  tbroujtb  in  the  nbeto 
time ;  and  the  distance  fallen  throngh  in  aoj  part  of  the  time  maj  be 
ftundin  the  same  manner.  'Fhna,  1  +3+&,  &c.  to  1  ■)  incluBiTO  will 
amount  to  10(1.  So  the  apace  fallen  through  in  any  number  of  aecoods 
maj  he  aaceriained  b/  adding  the  correspond ini;  numbers  in  the  te- 
~       "         '       '  — ""  and  third  columna,  togettir 

the  number  representing  tlie 
■pace  fallen  through  in  the  £rM 
---  '  of  descent.  Thud  *+< 
=8+1  =  9;  12+36  =  48+1= 
49  ;  18+81  =  99+1  =  100.  And 
the  same  results  laaj  be  obtained 
in  sny  similar  caies. 

The  natnre  of  accelerating  veto- 
city,  as  exhibited  in  inlliug  bodies 
nay,  perhaps,  be  aomewhat  elu<U' 
dated  by  reference  to  Ibe  series  at 
C    triangtagin  the  aBBeied  diagmiu 
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line  A  B  denote  the  time  of  the  deaoeat  of  m  Ming  bodj', 

iato  •n]ual  pDitions,  as  seconds;   (bca  the  criaII  numbered 

nay  represBDt    Ibe    apace    fallva  through,   uoder  the  in- 

af  gravitjitioa  :    the  Dumber  of   the  trinnglea  in  each  hne 

'dutwing  the  Dumber  of  I'eet  passed  through  in  each  aecond,  and  the 

.tecire  uamber  the  whole  space  described  in  five  Beconda.     By  com- 

sletiagthe  aqaare,  aa  nitb  the  dotted  Uoea.it  maybe  [lerceired  bow  it 

bappeoa  that  the  velocity,  ucquired  by  a  falling  bodynl  tlw  endof  e»ch 

Kcond,  is  more  than  is  expeuded  in  its  pasaige  through  the  oeit  ae- 

^Wmd  j  and  also  it  will  appear  that  a  body,  moving  miiformly  with  the 

velocity  acr]iured  at  l!ie  end  of  nay  given  second  of  time,  will  deacribe 

lAiuble  the  apace  described  in  the  aame  time  by  B  body  falling  under 

tbe  influence  ofgraritatian  alone.  For  suppose  the  triangles  a,  h,c,  d,t, 

~    denole  the  aurptus  velocity  st  the  end  of  each  second,  which  must  be 

fficient  (ocaiCT  the  falling  body  through  one  foot,  tliey  will,  if  added 

ccevsively  to  the  numbered  triangles  in  each  line,  show  the  velocity 

'•oqnirad  in  each  succeeding;  secood  ;  and  therefore  the  triangles  17, 

<ta,19,aO.Sl,'iS,S3.^*,  25,ande  will  be  ten  in  uumber.Uie  amount 

of  the  velocitv  acquired  at  the  end  of  five  seconds.     Now  a  body 

■^ — '-g  withflie  uniform  velocity  of  ten  feet  in  a  second  would  pass 

;hthe  distance  of  Gfly  feet  in  five  seconds;  while  a  body  ialling 

""  gravitation  only  would  paaa  through  but  twenty-fiva  feet  in 

I  time  :  and  the  apace  described  by  tbe  uniformly  moving  body, 

■t  tiie  rate  of  ten  feet  in  a  aecond,  may  be  represented  by  the  square 

^'  BCD;  while  the  triangle  ABC  would  represent  the  apace  de- 

ribed  by  a  body  moving  with  accalereted  velocity,  in  the  same  lime  ; 

Bd  as  the  square  is  equal  ta  the  doubled  triangle,  so  the  former  apace 

'oolil  be  double  the  tatter.   Hence  lilieirise  a  body  moving  unifoirnly, 

'ith  half  the  velocity  it  would  ac<|uue  st  the  end  of  any  given  time. 

'ouli  paaa  tbroogh  b  apace  eiactly  equal  to  that  which  -~  -       "    ' 

Blba  moving  with  accelerating  velocity  durinj;  the  aam' 

wdingto  the  preceding  table,  the  velocity  of  a  body  at  the  end  of  ten 

Monda  would  be  equal  Co  twenty  feet ;  now  half  that  velocity,  or  ' 

IM  in  a  aecond,  would  carry  a  body  through  one  hundred  feet  in 

taooila,  which  ia  precisely  the  space  it  would  have  fallen  through 

■at  time,  by  tbe  effect  of  gravitation. 

Thus,  the  velocity  acquired  at  the  end  of  any  given  timi 

ient  to  have  carried  a,  body  twice  the  distance  it  WQiAA  nadt 
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gnduBlty  ■ccelfrBlEil  retixiity,  it  (bllows  that  the  velocily  Bclnidl^  ex- 
pended in  ihe  letter  cue  is  only  balf  the  velocily  tbal  hsB  been  wi- 
quired  ;  iind  J^ioce  the  dnal  velocity  in  each  aecond  is  repr«stinled  bv  o 
number  double  tliat  denoting  ihe  tune,  the  real  amaunt  of  accelereting 
Telocity  mHy  be  expreBaed  by  a  cumber  equal  to  the  time.  Hence  aa 
tbespuce  (alien  through  by  a  gravitstinf;  bod  j  is  equal  to  the  square  of 
the  time,  that  is  the  number  repreeentiiig  the  time  multiplied  bjitw^, 
ao  the  time  and  the  velocity  being  equal,  the  space  muat  be  as  the 
square  of  the  velocity,  or  aa  tie  time  multiplied  by  the  velocity. 

We  have  already  taken  oconaion  to  obaerve  that  the  force  of  grifi- 
tation  varies  nt  different  distances  from  the  centre  of  attraction  ;  and 
hence  tlie  absolute  effect  of  gravitBliie  inllueace  must  vary  also.  The 
consequence  of  tbis  principle,  aa  exemplified  in  the  augmeutatiou  Or 
reduction  of  the  weight  of  bodies  in  diB'erent  ailuatians,  has  been 
painted  out.  And  since  bodies  in  motion  are  acted  on  by  uravitatiaii 
in  the  same  manner  aa  bodies  at  rsat,  it  follows  that  falling  bodies  will 
describe  greater  apacea  in  equal  times,  according  to  the  increased  iu- 
lensily  of  grovitation,  as  occasioned  by  the  diminution  of  the  distance 
through  which  it  acta.  In  order  therefore  to  discover  by  eiperimenl 
the  force  nf  gravitation,  as  measured  by  the  space  through  wbicli  a 
body  would  CuH,  in  n  girea  time,  as  one  second,  ne  most  Imoiv  what  is 
the  distance  of  the  gravilatiug  body  iroiDihe  centre  of  Bttrai:tion.  If. 
u  already  remarked,  the  earth  were  a  perfect  sphere,  every  part  of  it> 
surface  would  be  equidistant  from  its  centre  ;  but,  since  it  is  an  ob- 
late spheroid,  or  globe  flattened  at  the  poles,  the  attraction  must  there 
be  strongeat,  and  must  decrease  in  Che  iolenaily  of  its  force,  in  the 
direction  of  a  line  from  either  of  the  poles  to  the  equator.  Such  a 
line  would  be  a  meridian  of  longitude,  aad  the  degrees  of  latitude  mea- 
sured on  it  would  be  bo  many  paints  at  which  the  intensity  of  gravi- 
talioB  was  progressively  diminishing.  Hence,  in  experiments  made  to 
ascertain  directly  the  mnoiml  of  giavitative  force  as  meaaured  by  ths 
apace  a  body  would  fall  through  in  oue  second  of  time,  regard  must  be 
had  to  the  latitude  of  the  place  where  the  experimeuc  might  be  made, 
and  if  the  utmoat  acouraoy  were  required,  the  height  of  the  apot  above 
ths  level  of  the  aea  must  alao  be  taken  into  the  account.  I'heae  ob- 
seri-stions  will  he  sufficient  to  show  that  no  small  degree  of  skill  and 
alteotion  would  he  requisite  in  order  to  ensure  the  perfect  exactoeaa  of 
<uah  experiments.    Instead  therefore  of  pursuing  this  truin  of  in- 
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intigMion  fntthei  at  pTeaent,  we  shsll  proceed  to  at 

^dveiyaccaiate  experiaientJi  bare  been  inude,  whence  u 

tbe  latilade  of  Loadou,  whiob  is  near  the  lerel  of  Ihe 

ly  fsUs,  from  the  action  of  gravity,  in  the  first  aecond  of  its  deacaof^ 

Xlgh  Ihs  spsse  of  siileen  feet  HDd  one  inob,  or  193  inches. 

Id  nuking  cakmlations  relative  to  the  ptienamena  of  tailing  ., 

ben  extreme  aocuracjr  is  nut  required,  the  apace  passed  through  ip^  1 

10  second  of  time  ma^  be  estimaleit  at  16  feel;  and  taking  thia  oi    '  ~ 

imnion  multiple  of  distances  and  velocities,  a  table  similar  to 

||fa«adv  ^ren  ms;  be  conatrucled,  bj  means  of  which  the  >uaan  failed  1 

■Vough  in  BUT  given  time  may  be  ascflrtained  "nth  suffieii 

less.     The  follnwing  short  specimen  of  such  a  table  ni»y  he 

'nded  by  the  young  studeat,  so  as  to  afford  duti  for  the  resolution  Otm 

iveral  interestiDg  cjuealious. 
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Suppose  now  we  wish  to 
'epth  of  a  well :  by  dropping  a  leaden  buUsl  from  the  top  of  eithtfr,.! 
id  observing  hoir  many  seconds  elapsed  before  it  reached  the  bottom',' 1 
ktoble  like  the  above  would  shoff  'by  inspection  bow  many  feet  flle 
psM  amounted  to  in  either  case.  Ko  notice,  however,  is  here  tiuceo  of  the 
Mistsnce  of  the  air,  which  would  greatly  afier.l  the  motion  of  bodies 
Uing  from  a  considerable  height.  Several  yeara  ago  a  man  dropped 
ank  the  balcony  of  (he  Mouument,  near  London  Bridge,  a  height  of 
'*«jt  100  feet :  be  would  therefore  have  fallen  to  the  pavement  below 
nearly  three  seconds  and  a  half,  but  for  the  resistance  of  the  alnio- 
Iiere  ;  nMvritbatandiug  which  he  must  have  been  whirled  downwards 
ith  s  velocity,  which  perhaps  rendered  the  miMrahle  being  insenaible 
r  die  appalUng  catastrophe  that  awaited  him.  Sometimes  aerolites 
■TB  eiploded  in  (he  air,  and  fallen  in  showers  of  meteoric  Etones.  as 
^^•^  Dai  near  Sienna,  in  Italy,  in  1794;  and  at  I.'AJsle,  in  France,  in 
If  (be  moment  of  such  an  explosion  could  be  ttoa«i7ei,  «oi 
0  (list  at  wbich  the  atones,  or  snj  one  of  them,  c«meUi'L\iB^QO 
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the  height  st  which Ihe  pheuomeaon  took  plaoe  might  be  estimtedwtlk 
tolerable  scciuBcy. 

Tbe  obBtacIea  which  occur  in  the  ei|i«riineDtal  inresligBtioii  of  the 
lnw»  of  gmvitatioD  ore  punly  owing  lo  ibe  Teiy  eiteiiHTe  sjiBCe  that 
would  be  required  for  direct  ajperimeDts  an  falling  bodies,  even  for  ■ 
fev  seconds ;  and  to  these  would  be  added  the  variable  effect  of  atme- 
gpheric  prewura  against  bodies  moving  with  great  velocitjr.  Tbe  OOD- 
Bidecsiion  of  these  difficaltiea  led  Mr.  George  Attwood,  en  ingenious 
philosopher  who  died  in  the  earlv  part  of  the  present  century,  lo  odo- 
triTe  a  machine  iu  which  the  influence  of  gravitatirc  force  might  be 
moderated  without  deatrojinif  lis  chnraeteristic  efficiency,  in  the  pro- 
^^j^  ductioQ  of  an  accelerated  motion.     This  piece 

of  machinerj  was  very  elaborately  coiielrosled, 
and  some  parts  of  it  could  not  be  coirec  11  j  de- 
scribed Without  entering  mtoeilanaive  details, 
and  giving  delineations  on  ■  large  scale  )  but 
the  principle  on  which  il  acted  may  he  con- 
cisely explained,  Equal  weights,  A  and  B, 
being  suspended  by  a  Bue  silken  cord,  passing 
over  a  wheel  moving  with  the  least  possible 
degree  of  friction  ;  iben  by  adding  a  certeio 
quantity  to  Doe  of  the  weights,  aa  by  placing 
on  it  a  antalt  bftr  C,  deacMdingntotionmtijbe 
produced,  differing  in  inleDsily  from  that 
caused  by  the  unrasttained  power  of  grarilalion,  bul  obeying  the  same 
law  of  Booelerating  velocity ;  so  that,  though  tbe  loaded  weight  might 
be  made  to  deacend  only  one  inch  in  one  second,  it«  continued  motion 
would  be  found  lo  proceed  in  the  regular  ratio  of  the  aquarea  of  the 
times  of  descent.  It  might  be  imagined,  thst  aa  the  large  weight* 
connterbalance  each  other,  the  amali  bar  ought  to  descend  H  freely  a* 
if  they  were  removed  ;  but  the  gravitatinsr  force  erpended  in  ]ffodocil>g 
motion  is  partly  cocBumed  in  overcoming  the  inertia  of  the  larg* 
weights,  and  therefore  the  portion  of  it  which  nets  as  a  moving  pown 
will  h««  the  aame  proportion  to  the  whole  force,  as  tbe  weight  of  tba 
bar  alone  bears  to  the  entire  moving  mass,  for  it  is  expended  m 
drawing  down  the  loaded  weight  A  on  one  side,  and  raising  the  weiglil 
B  on  the  olher  side,  at  the  eame  time.  Thus  if  the  weighta  were  tw» 
pounds  each,  and  the  bar  weighed  hot  half  a  pound,  ihe  force  eipended 
would  be  bul  one-ninth  part  of  the  whole  fiirco ;  and  the  loaded  weight 
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'A  would  deuvnd  but  one-niotb  part  of  sixteen  feet  in  tbe  first  secar 
of  tiiue,  utid  irith  tliu  same  reduced  Telocilj',  as  the  squatva  of  cl 
timei,  tbrougboat  its  descent,  iiy  meuiB  of  this  aisohine  B  tsrie^  of 
inosl  interesting  and  importnnl  eipcrimenls  mny  be  performed,  a"*  ' 
(be  laws  of  grayitation  sntiafactorily  demoDStmted. 

Bodies  projected  directly  upwards  will  be  influenced  by  gravil  "' 
JB  their  ascent  as  well  as  in  tbeir  descent;  but  its  farce  must  be  c 
d  iiiTerselj,  producini-  cnDtinually  retarded  motion  wbile  tbey  si 
IE,  and  continually  iDcr«iising  motion  during  tbeir  fall.  So  that 
taj  propelled  perpendicularly  tbrougb  the  air,  leaTing  out  of  tbe 
sttoD  tbe  reBistance  of  tbe  medium  tbrongb  wbich  it  paaaed,  would 
tise  to  a  beigbCeiactly  equal  to  Cbat  from  wbich  it  must  bare  fallen  to 
" — '  1  B  final  velocity  tbe  same  aa  it  bad  at  tbo  first  insWut  of  its  ai- 

And  tbe  Telocity  wuuld  be  tbe  aame  in  tbe  corresponding 
jif  tbe  BBcentand  descent.  Tbe  lime  likewise  wbicb  tbe  propelled 
jWluired  Id  attain  its  utmost  lieigbt  would  bejuat  equal  to  tbatdi 
which  it  would  be  falling  to  tiiv  ground.  Hence  the  laws  wl 
t«gulBle  uniformly  accelerated  velocities  will  apply  eijually  tu 
ftinnly  retarded  lelocicies  ;  that  ia,  tlie  velocity  lost  in  any  given 
iy  the  inflnencB  of  a  uniformly  retarding  force,  will  be  as  the  1 
iae  space  passed  tbrongb  as  tbe  aqunre  of  tbe  time,  or  tbo  aquai 
Jb»  velocity  :  and  so  on,  as  in  tbe  case  of  accelerating  forces, 

Mnfion  <•/  Bodia  m  inclintd  Pkaei  and  Curva. 

Among;  the  varieties  ofacceleraled  motion  depending  on  tbe  infli 
t  gravilitioD,  that  of  bodies  passing  along  inclined  planes  require* 
IB  noticed,  as  exhibiting  tbe  modified  effect  of  a  most  extens: 
nting  ibrce.     When  pressure  is  applied  in  a  vertical  direction 
lody  supported  by  an  hoiisontal  plane  it  is  manifest  that  no  motior 

'  the  force  of  gavitation  tbua  acting  caa  be  measured  only 
I  iveigbtof  titehody  aosituated.     But  if  tbe  plane  surface 
which  the  body  rests  be  inclined  in  aoy  degree,  tbe  efficient  weiffbt 
and  if  tbe  ■    ■■      ■        -  ■      - 


alci^^H 
y  ai*   ^" 

I  that 
f  the 
muld 


luenoi^l 
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sing  from  friction  and  aimilor  causes,  the  body  will  move  down  the 
we  with  a  velocity  eo  much  the  greater  as  the  aurfaco  over  which  it 
ires  approaches  to  a  vertical  direction.  Tbe  mnlioiv  ui  \ltaa  cwk 
11  he  k  Gontinaally  acceleraiad  moCioD,  differing  iade^eeatT^nn:^^ 
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veloaitj  frDm  tLat  caused  hy  ibe   dtreoE  influeace  of  grsTitDtioD, 
subject  to  tlie  SRine  law  of  iicdelrmion. 

in  ordiir  (o  estimate  tlie  force  wiOi  which  hodisB  m 
inclined  planes,  tra  omit  fortlieiiresenl  all considen 
Bnce  occaaioned  bj  friclioa  :  and  therefare  suppose  a  plane  to  hars  i 
perfectly  smooth  surftce,  nnd  tlie  figure  of  ttie  moving  body  to  be 
globular,  and  oftheaainB  density  in  every  part,  so  as  to  be  capable  of 
motioii  in  any  direction. 

_  Let  A  C  reproaent  the  declivity  of 

an  inclined  plane,  A  B  its  perpendioa> 
lar  height,  andD  E  the  absolute  weight 
of  an  ivory  bait  on  its  surfiice  ;  aaw 
this  weight,  by  the  paiallek^Tnin  of 
forces,  will  be  found  to  act  in  two  direc- 
tions; D  F,orG  E.denotingthe direct 
pressure  perpendicular  to  tlie  deolirtj 
ofthepl[uie,end  DG.orFE,  in  tbe 
direction  of  that  declivity  :  tlia  fbnner 

"      force  it  is  obvious  will  ho  destroyed 

by  the  resistance  of  the  pTane,  and  the  hall   will  conBequeatlymove 
down  tbe  pinna  with  a  force  bearing  the  eamn  relation  to  the  force  of 

(CTBritj  that  D  G  does  t«  D  E,  tbat  is,  it  would  move  down  the  plus 

.1 1   _    -ipnpe  equal  to  D  (j,  while  it  would  full  through   ■  spue 

E  by  the  force  of  gravitation." 

Whatever  may  he  the  declivity  or  inclination  of 
tbe  plane,  the  force  of  a  body  moving  down  it  may 
be  estimated  on  tbe  same  principle.  Thus  suppose 
the  obliquity  of  the  plane  Co  be  very  ccnsiderahle, 
as  represented  in  the  margin,  tbe  line  D  G  would  be 
nearly  equal  to  D  E  ;  and  Che  tbrca  of  the  body  mo- 
vinj  on  such  a  plane  woidd  manifestly  ha  Ultio  in- 
farior  to  that  of  the  same  body  falling  freely. 

As  the  force  of  a  body  moving  on  an  inclined 
,  plane  is  lais  than  that  of  a  body  moving  by  the  in- 
Boence  of  gravitation,  its  final  velocity  in  n  given 
time  must  also  be  less;  and  tbe  diHtnnce  through 
which  it  must  move  on  a  declivity  to  acquire  a  cer- 
•  See  page  II  on  tlie  teiolntian  of  forcei. 


acquiie  the  Bsme  &aal  relocit)',  in  poBk-  j 
in^  fram  A  Id  C,  tbat  it  would  luiTB  | 
gained  in  fulling  through  the  lelntirs 
diatancQ  A  B.  For  Ut  A  D  be  the 
BpBce  through  which  Iho  body  would 
edown  Iha  plane  in  cheeame  timathntitwould  fail  from 'a  to  B, 
IbUowa  that,  in  order  to  acquire  the  same  reloctCy  that  it  wnuld  gaui 
xfiilting  fioia  A  to  B,  it  must  pass  throngh  a  space  bearing  the  mme 
^^  xntiua  to  A  B  that  A  B  does  to  A  D  ;  and  aa  tlie  triangles  A  D  B 
A  B  C  are  Bimilsr,  (heir  ooireBpoDding  sides  maat  have  the  same 
[ioas  to  each  other ;  therefore  A  D  nill  be  to  A  U,  as  A  B  to  A  C. 
lee  the  propoailion  will  univerBBlly  hold  good,  that  a  body  roiling 
■BMipolineJ  plane  of  sqyMlant  Or  obliquity,  but  for  (he  effect  iS 
.  ion  or  similar  causes,  would  aequire  the  same  fiual  velocity,  aa  if  it 
ri  bUen  directly  through  a  ipane  equal  to  the  perpendicular  height  of 

■  moving  on  curred  sur&ces  wouid  not  eihibit  uoiformly 

Welersted  lelociCy,  like  those  moiing  oo  inclined  planes  ;  for  the  ro~ 

IB  peculiar  form  of  the  curve  in  which  any  auoh 

)dy  might  move  would  b«  continnaily  changing,  and  the  result  of  tbst 

~'  'ansa  would  be  a  coaaequent  change  in  both  the  velocity  and  the 

Son  of  Uie  mo  vingbody.^Some  idea  of  the  nature  of  this  perpeluBl 

js  may  be  obtained  (tora  coosideiing  what  would  be  the  e^t 

Dting  to  ■  moving  body  a  auccussion  of  inclined  pUnea,  eitlMc    , 
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aaceDdingardeBoending.tlie  outline  of  wUcb  would  form  snide  reum- 
blaiiceta  acuryed  aurface.  From  the  mere  ingpectiou  of  the  pieaedin; 
figuteUjilmaj' be  comprehended  (hut  a  body  pasaiEg  over  a  conv-eiaui- 
iace,  SB  from  A  to  B,  nonld  encounter  a  perpetueJly  diminiahing  re* 
wsCance  ;  and  in  pnsaing  orer  a  concave  Burfsce,  aa  from  C  to  D,  ths 
resistance  would  progresaitelj  increaae.  lor  in  the  Tonner  iDstance. 
the  effect  would  be  aa  if  the  moTing  body  rolled  do?ni  a  number  of 
decliTitiea,  each  one  more  oblique  than  the  preceding ;  aad  in  the  latter, 
it  would  be  as  if  the  body  panBed  over  a  aeries  of  decliviiiBs,  each  of 
'which  apptoHcbud  nearer  uan  the  preceding  to  the  figure  of  an  boci- 
lontal  plane. 

Hiring  thus  endeavoured  to  explain  the  maimer  in  which  cunrilinear 
motiona  are  produced  by  the  constant  aotioQ  of  variable  forces,  we  can 
now  proceed  to  investigate  the  phenomena  of  cnrvilinaar  motioUB  in 
general.  When  a  body  movea  through  an  entire  circle,'  with  uniform 
Telocity,  as  it  must  be  iiopelled  b;  forces  conlinually  racying  in  inten- 
Biljaod  direction,  those  variationa  must  be  supposed  to  take  placs 
rnomeatarily,  orininconceivahly  minute  portiona  of  time  and  space. 
So  that  Bueh  a  body  might  be  considered  as  moving  in  tlie  circumfeienea 
of  a  polygon  having  an  infinite  number  of  aidea. 

Id  the  caae  of  a  body  moving  over  a  curved  anrface  and  in  contact 
with  il,  there  must  be  »  teriaju  pressure  of  the  b(>dy  on  the  BurfMV 
over  which  it  pBBBBB,  and  a  cotreaponding;  reEislance,  or  preaaura  on 
the  body,  in  every  instant  of  itsprogreaa.  Now  thia  proasure  shows  tba 
d^ee  of  force  to  which  the  continual  variation  of  direction,  or  dv- 
flection  of  the  moving  body  ia  to  be  attributed.  Suppose  a  leaden 
bullet  orahilliard-ball  to  be  made  to  move  round  within  ■  hoop  laid 
Alton  a  table  or  onj  level  snTface,  it  would  obviously  preaa  against  ttia 
it»ide  of  ibe  hoop,  thus  manifesting  a  conataot  tendency  to  escape  &om 
tbe  circle  in  which  it  nua  moving,  and  only  withheld  by  the  counter- 
preasure.  or  reaiatance  of  the  hoop.  If  then  the  hoop  were  suddenlj 
lifted  while  Ibe  ball  was  passed  round  within  i[,  the  circular  motioD 
would  DO  longer  be  coniiuued  ;  but  the  ball  would  ily  off  in  a  right  line 
from  the  point  where  it  was  eel  at  liberty.  The  force  operating  on  the 
movinn;  body  in  this  case  would  be  precisely  similar  la  that  which  vronld 
propel  forwards  a  stone  discharged  from  a  aling,  on  letting  go  the  cf-' 
wbicb  detained  it  during  the  previous  circular  motion  -"  — •■:J^ 
whence  it  would  acquire  its  Bubseqnent  velocity. 


The  forces  which  act  on  bodies  leTolTlDg  in  circles  or  othflr  orbiM 
may  be  regarded  as  antagonuC  pavers,  oae  of  which  perpetually  itn^ 
pttla  the  moring  body  in  s  right  line  from  the  centre  of  mgtim,  and  thu 
other  draws  it  towDrda  thit  csntre;  and  by  the  joint  action  of  these 
foroea  corTilinear  motion  is  produced.  The  former,  or  the  repollanl 
power,  in  named  centrifii^l  force,  or  force  causing  bodies  to  flj  from  a 
eentre  ;  and  the  latter  is  sljled  centripetal  force,  or  that  which  attracts 
maring  bodies  towards  the  centre  of  motion.  J'hese  opposing  forcea 
faays  nbo  received  tbeconunon  appellation  of  centml  forces.  It  mayb* 
here  obierved  that  the  line  in  which  a  body  will  move,  on  eacapii^.J 
Eron  the  circle  aroond  which  itmuat  have  been  preTioualy  whirled,  wiB^i 
always  fotm  a  tangent  Id  that  circle,  or  in  other  words,  it  will  ei 
ID  a  direcUon  perpendicular  to  another  line  drawn  from  the  centi 
flie  cirete  to  the  point  of  escape.  Hence  tliis  force  has  been  sometimav 
CiUod  a  tangeotial  force;  bat  its  usual  appellation  is  that  of 
Ifagal  force. 

These  forces  mast  necessarily  differ  in  degree   according 
eoBulaacea — such  as  the  mass  of  the  moving  body,  the  extent  of  d#'] 
Circle  in  which  it  may  move,  and  the  velocity  of  its  mocioa.  ¥ 

■       _  Thus  a  ball,  6,  uf  two  pounds  weigb^. 

would  require  a  greuler  oenlrifngal  force  "" 
make  it  revolve  round  the  circle  A,  io  anf 
given  time,  than  another  ball  weighing  only- 
one  pound.  The  eitant  of  a  circle  is  to  be 
estimated  by  its  radios,  or  the  line  C  B, 
passing  from  its  centre  to  some  point  in  tta 
circumstance,  anil  consequently  alwifa 
equal  to  half  the  diameter.  Now  the  can* 
trifugal  force  or  pressure  must  increase,  W 
which  a  body  mores  increases.  In  a  cirol» 
ill  apply  to  erery  part ;  but  if  a  body  should  moy« 
_  ..  e,  as  an  ellipse,  tie  degree  of  curvature,  and  con- 

Wiqaently  the  length  of  the  radius  will  differin  different  parts.  Hence 
Ae  expression,  radius  of  curvature,  bos  been  used  to  denote  the  line 
*  icb  may  be  drawn  from  the  centre  of  motion  to  any  given  point  of 
ouTTa  described  by  a  revolving  body.  The  velocity  of  revolving 
may  be  estimated  by  the  actual  apace  passed  through  in  a  givrak, 
■*oe,  or  by  t«ference  to  the  time  in  which  any  such  body  woold  P*^ 
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a,  being  meuured  by  tl 


bichilmoTHtt  la  another  poial.    Th«K 
I  nngle  roFCDBd  by  lioes  dranii  tnmi  die 
oenice  in  mouoii  w  iu«  puiuu  jual  mentiaaed,  the  veJtwity  indicaud 
may  be  styled  the  Bngnlar  velocity  of  the  tnoviug  body. 

■rhe  amounl  of  centrifugal  force  in  J" 

fliperi  mentally  deletiDiDed  by  meaiu  n 
uUe,  which  ia  so  canalructed  that  diSeient  weights  may  be  whirled  al 
uiy  giriMi  distance  from  the  ceoue  of  motion,  and  with  uny  reqnired 
degrees  of  velocity ;  and  the  nieaiure  of  the  oentTitiignl  fotce  expended 
it  ebtatned  by  ctmaing  the  revolving  weights,  by  tfaeir  rotatory  motiui, 
to  draw  Dp  other  weights,  which  are  saspended  freely :  and  Ihus  |h« 
effect  of  ceotrifugsl  force  may  be  aareriBiDed  in  a  aaliafactary  maiuief. 
From  the  results  of  eiperintenta  with  the  whirling-table,  it  ajipears,  that 
ilie  cealrifugil  force  wiU  iocreasa  ns  the  masa  of  tlie  movins  body 
increues;  that  the  cenlrifugul  force  will  be  doubled,  other  oTCDBf 
slaurea  remaining  the  same,  if  the  rudius  of  cutvutun^  be  doubled  i  dial 
if  the  ndius  of  curvature  remain  the  game,  and  the  angular  velocity  be 
doubled,  the  centrifugol  force  will  be  quadruplet! ;  and  that  if  equal 
laajHea  be  made  to  revolve  within  circles,  the  Tadti  of  which  are  asx  |a 
3,  and  nitli  angular  velocitiea  as  i  to  i,  the  centriftigal  force  will  be  us 
3  to  1^.  or  as  1  to  6.  Hence  it  Bp;>eB»  that  the  centrifugal  force  in- 
crenaes  in  direct  proportion  to  tlie  mass  of  the  moving  bodv.  audio  (he 
ditnancefromthecentniof  notioii,  and  slsoag  the  Bquare  of'  tlieimgtilit 
Telocity.  Ihus;  the  radiua  of  the  circle  being  i— the  angular  ve- 
locity 1,  tlie  square  of  wbioh  is  1 — the  oentriiugsl  force  will  be  tb( 
product,  tX'i'^'i  i  theradiuaof  tJieoirclobeiugS — the  angular  velocity  J 
i,  the  square  of  which  is  4— the  lenlrifugal  tOrce  will  be  the  pro-  J 
duct.  3  X4:=I3;  thus,  as  above,  the  centrilugal  force  in  the  diSerEUI  J 
eases  would  be  na  S  to  IV. 

In  order  to  obtain  the  amount  of  centrifu gal  force  at  any  given  point.  I 
the  square  of  the  numberof  feet  expressing  the  angular  vt-locily  in  ousi 
seconi!  of  time  must  be  divided  by  (be  number  of  feet  denoting  tbsf 
rsdins  of  curvature,  and  the  dividend  vill  give  the  centrifuzal  foroe.wr 
eatiinBted  by  the  number  offeet  a  body  impelled  by  it  woijd  dsBoriH 
Id  one  second.     Thus,  a  sling,  two  feet  long,  circling  vertically,  w' 
the  velocity  of  eight  feet  each  second,  nould  conununicote  to  a  ■!( 
a  ceutrifugnl  force  equal  to  thirty -two  fl-ct  in  n  secoud,  uhii^h  would  1| 
tJif  eusi  ct'locily  of  a  body  fulling  during  one  second,  and  the  ei 
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fugst  (tiTce  tbfrelore  o-outd  be  just  suffici«Dt  to  counteract  the  iufluenti  1 
of  grsTitBtion,  and  pnnlile  the  aliag  to  Bupport  its  load.     If  (be  motiaa  I 
of  the  sling  were  accelerated  bo  bb  to  perform  B  eompleta  TCTolution  id 
one  set^oud,  tbeteiuioiiol'tLe  Blriag- would  uuhoMtbeBtonewitLa  lore* 
t\  times  ffieater  thou  Ibe  attractioa  of  gravitation. 

An  unnEing  experiment,  illustrative  of  tbe  influence  of  centrifugal 
{bite  in  overcoming  tbut  of  gravitation,  maj' be  perfannedby  placing- H 
tambler  tilled  wilb  water,  in  a  sling,  or  fixing  it  upriglit  in  tbe  boMoja 
of  a  net,  when  it  mar  be  whirled  round  with  anch  velocity  that  not  ft  ^ 
tlrop  of  tbe  water  will  be  spilled,  (bough  the  moatb  of  tbe  glaga  willM  'I 
tamed  downwards  during  a  pert  of  each  revolution.  | 

Tbe  centrifngal  force  at  the  equator  mnj  be  computed  by  laldng  til* 
time  of  one  diurnalrevolntion^  BB.IM  aBcondB,lhe  equatorial  radiiti 
tX  tJieeirtb  — JO,9ei,lB5  feet,  and  the  ratio  of  the  earlli'a  circumfe- 
ieucetoitadiBKiBler=:3.li,159;l.  Then  1  x  3.11,159' x  «n,9ai,18ft 
■f«6,164*:=n.l,11S,259,  which  ia  tlie  centrifugal  force  at  the  equnloc 
Kow  u  (he  HMual  force  of  gravitation,  determined  byexperinienti,  the 
Bftture  of  which  will  be  eabsei^uenlly  described  is,  ^S.OS.BIS  ;  and  tbere- 
fi)re,  if  the  earth  were  at  rest,  it  vrould  be  3f.D8,itlB  +  0.1,113,159 
=  39.1,994,059,  it  followa  that  tbe  centrifugal  force  at  tbeeqaatorig  to 
the  force  of  gruvity  in  tbe  proportian  of  the  numbers  0.1,ll«,a59  to 
3S.1 ,99+,0.')9,  or  nearly  as  1  to  S89.  So  that  the  force  of  gravitation  ia 
989  times  greater  than  the  centrifugal  force,  at  those  parts  of  Che  earth's 
•nrfsce  where  lite  action  of  the  latter  ia  most  powertiil.  Kow  aince 
989i>tbesqaiireoflT,itwilIfollaw  tliatif  tbe  din  mal  revolution  of 
ihe  earth  bed  been  completed  in  one-seventeenth  part  of  the  time  which 
itnowtatesup;  that  is,  had theearib  revolved  onheraiia  in  eighty-four 
ninnies,  instead  of  nearly  twenty-four  hours,  the  cen(rirugal  force  would 
bare  eonntemcted  tliat  of  gravitation,  and  all  bodies  would  have  been 
abMlntely  destitute  of  weight ;  and  if  tbe  cenlriFugal  force  were  further 
BDgmented,  the  earth  revolving  in  leas  time  than  eighty-four  minutea. 


M  the  drops  of  water  are  scattered  around  when  the  b 
dexleronslytwirla  her  dripping  mop.  '-On  aucha  supposition,  the  waters 
"»f  the  ocean  must  have  been  drained  off,  and  an  impaaaahle  zone 
•f  Sterility  interpoged  between  the  opposite  hemispheres.  By  a  similar 
•  oleulnlion,  combmed  triiJi  the  decreasing  force  of  grvi'itj,^^  ^tcvl 


diiUnces  &am  iJie  centre,  it  may  be  iaferred,  that  the  altltuile  of  onf 
Btmodpliere  could  never  exceed  £6.000  miles.  Beyond  this  limil,  iha 
equatoiiul  portions  of  air  would  have  been  abol  into  boundleas  apscB."* 
Among  the  abundant  examples  of  (lie  effects  of  centrifugal  forcsi 
that  might  easily  be  adduced,  a  fev  may  here  he  noticed,  in  Edition  Ca 
thoae  a&eadj  given.  The  astonisbing  power  of  thii  force,  even  when 
exerted  on  a  smull  scale,  appears  from  its  deatmctive  influeoce  on  btrd 
solid  bodies ;  bb  when  ^indatonea  are  whirled  about  with  extmordi* 
nary  velocity  in  our  maaofactoiieB,  they  will  aometinies  split,  and 
pieces  ^tlj  off  with  amaxing  force.  The  more  regulated,  but  no  Ish 
powerful  operation  of  centnfugal  force  nay  be  obasrred  in  some  parts 
of  the  machinery  employed  io  certeio  bnuiohes  of  the  arts ;  as  in  ihe 
fly-wheel  which  regulntea  the  motion  of  a  steam-engine,  and  in  the 
coining-press  *,  but  these  and  oiher  modifications  of  mechanical  power 
will  be  noticed  elsewhere.  Semifluid  and  salt  but  tenacious  substances, 
under  tbe  influence  of  centrifugal  farce,  assume  in  a  greater  or  ]ea| 
degree  the  form  of  a  comnressed  globe;  and  thus  a  rudely-shaped  bail 
of  clay, placed  on  a  potter  a  wheel,  with  the  assiataoce  of  gentle  presaun 
while  in  the  slate  of  revolution,  grndually  acquires  a symmetrioal  form; 
and  globular  glass  vessels  owe  dieir  ligure  to  Ibe  aoalogaus  manipuii. 
tiona  of  the  glass-blower.  Liquids  exposed  Eo  a  whirling  motioa  Bie 
similarly  affected  ;  as  maybe  perceived  if  a  glassof  water  be  suspended 
by  threads,  tmd  msde  to  Cura  with  gnel  relocity  by  the  twiatia^  and 
tmtwisting  of  tbe  threads,  when  tlie  water  would  sink  in  tbe  cenln, 
and  rise  on  the  sides  so  aa  to  escape  in  part  over  the  edge  of  the  glass. 
In  all  cases  centrifugal  force  lends  to  make  bodiea  under  its  influence 


be  exerted  in  keeping  a  peg  lop  or  a  tee-totum  apiuning  on  a  Soor  or 
table  for  a  few  minutes;  or  in  causing  the  mat  globe  which  we  inhabil 
to  revolve  with  imdimioiahed  energy  through  countless  ages. 

Oicillatum  of  the  Pendulum. 
Oscillation  or  vibration  is  a  pecullui  l^ind  of  ouirilinesr  m 
pending  on  the  inflaence  of  grarltative  ottraotion,  and  it  uol  M 
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he  nieuiB  for  ascertaining  ibe  mrintion  of  thn  force  of  gravlution 
■Hnl  iBtitudeB,  but  likewiBS  tumigbea  the  most  Bct:urate  meihod 
Luring  time,  nndlsBdatovaTiaiuiuiportBntresaltain  tlie  investi- 
nf  many  oatBr^  pheDnmena- 

■I  any  heavy  body  is  aaapended  by  a  etrinf;  or  small  wire,  itirill 
Biiectioii  in  a  tine  rerlicsl  tothst  j^oint  of  tbe  earth's  BUrfaee  over 
^  bangs,  KS  io  the  ciuta  of  the  plumb-tine  of  a  msBon's  IsTel 
^Boed  on  an  UoiiioDUil  plane.  Nan-  the  luws  of  oscillation  aj-e 
niich  would  leguUte  the  motioa  of  A  Iwdy  thus  suspended,  if 
Wde  trom  the  verlicnl  line  id  which  it  would  rest,  nnd  then  let 
I  luffered  to  oscillnte  or  swing  forwards  nnd  backwards  undis- 
i  In  treating  this  sabject  it  will  be  moat  convenient  to  consider 
■oomenB  of  oacillalory  motion  simply  and  independently  of  iJiu 
lof  the  reaiaiiince  of  the  air,  the  fnclion  of  the  auspending  line 
[point  of  Buspeiiaion,  and  the  raryiug  eitenaion  of  that  line  ;  all 
St  is  obvious  would  affect  the  results  of  actual  experiments,  and 
^rafbre  require  otlentioa  in  maVing  csloulntioaa  founded  an 
I 

Suppost>  A  It  to  represent  s  pendulum  at 
rest  in  llie  lertitsl  positioit.  if  it  be  then 
drawn  from  B  to  C  and  let  fall,  it  will  relnm 
to  B,  with  an  accelerated  motion,  which,  how- 
ever, will  not  be  nnifomily accelerated,  sitice 
\  it  must  depend  partly  on  the  graiitution  of 
the  pendulum  towards  the  earth,  which  acting 
^  alone  would  cause  it  to  fait  perpendicularly 
i)  from  the  point  C.  butwhich  being  modified  bv 
^  the  tension  of  tlie  line,  it  is  foi^d  to  deacrib« 
the  arc  C  B.  Now  at  B  the  tiirect  power  of 
ItioD  will  be  not  merely  modified  but  destroyed,  for  the  line 
ttretched  to  its  fnll  eitenl  would  prevent  any  further  descending 
i;  but  wben  arrived  nt  B,  cha  pendulum  would  have  acquired  h 
||  d^ree  of  velocity  during  ita  previous  descent,  which  would  be 
|Soient  to  overcome  the  force  of  gravity  tending  to  retain  it  at 
pt  B,  and  make  it  move  forward  from  that  point  to  D,  with  a 
kg  velocitT.  which  would  there  bo  entirely  expended  ;  and  since 
pdulum  at  D  would  be  in  s  aituatioD  exsctly  camnf  Qadui^  wt£a 
)  whicb  it  was  placed  at  C,  it  mu«t  agam  ducnb«  Ave  vaiiia  w<i 


i>  B  C,  but  in  b  nitrograde  dinictioa,  first  with  s  gradnsllj  sccaterated 
rrlooiCy,  and  then  with  a  velocity'  progTesgiiely  retarded.  Tbns,  but 
for  the  obatacles  nlrsBdy  mentioned,  and  the  wear  and  laar  of  materials, 
a  pendulum  once  put  ia  a  atale  of  vibtation,  would  go  on  regalarlj 
oacilUting  for  over. 

The  TibtutioDi  of  any  one  pendulum  will  be  described  in  equi! 
limej  wbotever  be  the  exl«nt  of  the  bic  through  which  it  moeea,  pn>- 

A.  lliUB  wlien  tbe  Ttbration  of  a  pendulum 

ia  pcDgieBsively  wealieaed  by  the  reaiat- 
anca  of  the  air,  every  aucceediag  an: 
paaaed  (hronglj  wDl  be  leas  than  Ebe  fon?" 
going;  andyet  it  will  be  found  thsl  though 
the  pendulum  niovea  slower  and  alowet 
~  sntinuolly,  there  will  be  but  little  dif- 
^rence  in  the  time  taken  up  by  tbe  bdl 

each  aide  of  tbe  line  A  B,  till  it  atopieu- 
tirely.    It  is  this  remarkable  ptoper^of 
K  tbe  pendulum  that  makes  it  ao  ageful  an  ■ 

iDesdure  of  time ;  and  clocks,  or  time-keepera,  r^alated  by  a  pen- 
•lulnm,  are  nothing  more  than  trains  of  wheel-work  kept  in  motion  bi 
weighta,  and  so  arranged  na  to  register  the  beats  of  pendulums  wbicti 
naciUate  seconds  or  balf-aeconds.  This  equality  of  ribration  of  bodies 
in  certain  eurvefl  was  diacovered  by  Galileo,  whose  attention  ia  said  to 
hate  been  excited  by  remarking  the  motion  of  a  chandelier  hanging  from 
the  ceiling  of  a  church  at  Fiaa>  for,  noticing  that  it  moved  with  unifbt- 
mily  lie  to  time,  independent  of  the  space  psssed  through,  he  was  in- 
duced to  make  experuuvnte,  which  eetablished  what  has  been  temeit 
tbe  lawof  Isochronittu,  or  equality  of  time." 

A»  it  is  ooly  when  oscillating  in  very  small  area  of  circles  that  pen- 
dulums preserve  thia  regularity  of  vibration,  it  became  a  subject  of  in- 
quiry among  philosophers  whether  a  carve  could  not  befonnd  inwluch 
tbe  isochroniam  of  a  pendulum  wonld  be  perfect;  and  such  a  curve  ws« 
diacovered  by  the  celobruled  Dutch  mathematicisn,  Uuygens,  the  con> 

i  I'm.  . 
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pBporaiy  of  Newtoa. 
H^itf  an  uocbTonal  cw 


■andfroinlt* 


.   It  has  been  named  ■  cjcloid, 

'B,  BDd  it  differs  little  frum  an  arc  ui 
lat  more  abruptly  at  eai^h  extremity, 
.er  ioCo  sn;  fuitlior  diisoriplion  of  ila  n 
nptopetlies.  aa  it  lias  been  found  after  all  to  be  lesa  adapted  foi , 
^^Utp''^'  ''""'  """U  circular  area,  in  wbiah  cLerefbre  die  peadulami 
IJDie.keapers  are  made  to  oacillata. 

,    The  Tibinting  neif^lit  of  a  pendulum  does  not  iaQaeni 

'ItT  wbelber  a  great  or  a  small  woiebt  be  affixed  to  a  ribi        ^        .... 

•cillatioiu  nil!  be  aimilar,  provided  (he  length  of  the  line,  ineuured 

lie  point  of  Bugpension  to  the  centre  of  oscillation,  romaiaa  tlie 

Sir  Isaac  Newton  made  eiperimenta  on  a  great  variety  of  aub- 

_  as  metala.  atones,  woods,  auUs,  portions  of  fleah,  ita.,  whence 

le  aaoBilaiiied  lliat  how  greatly  aoerer  they  might  diSer  iu  weight,  the 

K  addition  of  any  of  them  to  a  pendulum  would  not  interfere  with  iU  tbir 

t«f  oacillstiDn,  so  long  aa  ita  length  remained  unaltered.     Thus,  aa 

Efceavy  bodies  and  light  ones  would  fall  to  the  earth,  through  a 

'    apaoe,  in  tbe  same  time,  but  for  the  lesiatance  of  tbe  air,  so  they 

b«  fotmd  to  vibrate  in  equal  times  at  tbe  end  of  aline  of  a  given  lenglhj 
provided  atmoapherical  resistance  could  be  made  to  act  on  them  ~ 
same  manoer,  or  be  entirely  excluded,  as  by  inoloaing  tbe  vib 
bodi«a  in  an  exhausted  receiver. 

It  is  on  the  length  of  the  pondulum  that  the  rite  of  osciUatioa  prin^ 

■  tipally  depends:  ihst  is,  the  greater  the  distance  between  tbe  point  of 
I  fHSpension  and  the  point  of  oscillntioD,  the  longer  will  be  tbe  period  of 

■  toch  vibiation;  and  on  the  contrary,  the  shorter  that  distance,  the 
[quicker  will  the  vibrations  take  place.     Now,  as  gravitation  is  tbe 

'""'     isoillatory  molioa  depends,  so  the  same  law  that  re- 

on  on  falling  bodies  is  observable  in  ita  action  un 

OMillaliog  bodies  :  for  as  the  intenaity  of  gravilstive  force  decreases  as 

I ,  Ibe  squares  of  the  increasing  distances  of  bodies,  thus  the  time  of  a 

LiTibralioa  will  increase  as  tbe  square  root  of  the  leogtb  of  the  pendalum , 

le  distaude  from  the  point  of  suspeosion  to  tbe  point  of  oaciUation 

If  then  a  pendulum  1  yard  in  length,  would  make  one 

in  one  second,  a  pendulum  J  of  a  yard  long  would  vibrat» 

llf-wcoada,  one  i  yards  long,  would  vibrate  once  in  two  leooada,  on* 


ould  ^ 
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>i  yards  long,  ip  three  seconda,  lad  bd  on  ;  for  {  in  the  equare  root  of  }, 
•i  of  4,  Sal  9,  (ic.  But  in  order  to  obtein  tlie  sbeolute  length  of  > 
(jendulum  tbnc  nnuld  swing  aecnads,  it  is  neceaaary  lo  take  into  con- 
sidenlion  Ibe  inlBDsiCy  of  graiitation,  which,  a»  itreiidj  Htated,  miea 
nt  diffsreat  purlB  of  tbe  earth's  aiiriace,  depending  on  their  relative  dis> 
tance  from  the  centra  of  grHTitntiTe  attraction.  Ths  greater  the  iuten- 
bi^  of  gravitation  at  any  place,  eo  much  the  qnicker  wilt  be  the  ribiv 
linna  of  a  pendulum  of  a  given  length)  ao  that  a  pendulnm  which  would 
oscillate  Becondi  at  London  would  perrorm  eacb  of  its  oscilltitionji  in 
Bomewbat  leas  thun  a  aeaond  if  it  could  be  removed  to  (he  Dortb  pale  ; 
und  on  the  contrary,  would  take  up  more  than  a  aecond  in  one  vibmlioa 
under  the  equinoctial  line.  The  intensity  of  gravitation  at  any  given 
]ioinl  of  the  earth's  aurface  thus  corresponding  with  the  vibrations  of  a 
pendulum  of  a  given  length,  it  follows  tlisl  it  the  intensity  of  gravits- 
tion  at  any  place,  as  estimated  by  the  apace  which  a  body  falling  treel/ 
would  describe  in  any  time,  as  one  second,  be  known,  the  length  of  a 
pendulum,  which  would  vibrate  seconds  at  that  place,  may  be  ascei' 
t^iined  by  computation,  for  since  the  time  of  vibration  is  (o  the  time 
of  deaoeuc  througb  half  the  length  of  the  pendulum,  la  thr  circumference 
of  a  circle  to  its  diameter.that  is,  as  3.14159  to  1.  let  the  time  of  ribra- 
tion  be  1  second,  then  the  length  of  the  pendulum  may  be  thus  found. 
I'he  time  of  descent  of  i.  body  durin?  1  wcond,  in  (he  latitude  of  LM' 
don,  by  the  influence  of  gravitation,  has  be<:u  already  stated  tobeHbenl 
i6l,  feet,  or  193  inchea;  and  since  the  spaces  of  descent  are  ai  tbe 
sqoareaofthe  times,  therefore  3.14159"  :  1>  i ;  193  :  19.0635  =  1 9/,=: 
bidf  the  length  of  the  pendulum,  which  must  therefore  be  I9,'i  X>^ 
391  inches.  In  order  lo  determine  the  length  of  a  seconds'  pendulnin 
by  experiment,  a  pendulum  of  a  known  lengtb  must  be  made  to  oscil- 
late  for  a  certain  time,  as  one  hour  *,  then  the  square  rout  of  its  lanetli 
will  be  to  the  square  root  of  the  length  of  the  required  pendulum,  in- 
versely,  as  the  number  of  vibrations  performed  in  an  bour,  bythe^eo- 
dulum  which  bas  been  the  subject  of  the  experiment,  to  the  nnmbtoof 
Eecoads  in  one  hour.  Tbua,  if  in  any  latitude  it  could  be  aBcertaineStiM 
u  pendulum  9  yards  ill  length  oscillated  IIJOO  (imes  in  an  hour,  tbtilQ 
ibenumber  of  oscillations,  lifUO,  to  the  square  root  of  the  length  t^dt 
peiululum.3,theBqunreroot  of  9,  BO  inversely  would  3600,  ibKnuiiibaC 
of  oscillattoDs  required  to  be  performed  by  ^e  seconds'  pendulnni,  be 


a  Hqusre  root  of  ita  length ;  that  is,  a»  1100  ;  3  :  ;  MOO  :  1 ; 
ItOO  x3-r3&0^=l,  the  square  of  which  would  be  t ;  therelare  a 
Mndnlum  1  yBrd  long  would  bwidr:  Beeonda  in  Day  pluca  irliere  apen- 
dulom  9  ytada  in  leu>^  would  make  but  1900  vibrBtioas  in  an  boor. 

It  will  be  obvioUB,  from  what  hu  been  already  atateil,  rrfalireto  tha 
eSect  of  friction,  itmoapheric  resistance,  and  tlia  exlenBibilily  of  the 
line  of  suapenainu  of  b  pendulum,  that  b  multitude  of  precauCioDi! 
would  be  refjuiaiie  in  making  direct  experimenta  on  tbe  lengtha  of 
pendulums,  with  reference  to  tbe  times  of  ribration  at  any  giveu  plane. 
Dr.  Halley,  in  the  early  part  of  (he  last  century,  eatimsted  (be  length 
of  aseconda'  peailulum'  at  S9.1£d  inches,  :=39^  iacbes;  and  Ibal  ngti- 
mate  has  been  generally  adopted,  aa  auSciantly  correal  for  mont  prao- 
tiflBl  pDrpaeea.  From  tbe  most  recent  and  accurate  reaeBrchea  of  men 
of  aoienee,  it  appeiira  that  tie  length  of  a  pendulum  which  oacillatea  b«- 
conda,  in  mcuo,  at  tbe  mean  temperature  a(G2  degrees  of  t'ahrenheic'a 
thermometer,  in  the  Intiiude  of  London,  51°  31'  8'  N..  moat  be  I 
39.139V9  iacboB :  and  aa  the  further  reault  of  experimental  inveatiga- 
tion,  it  may  be  added  that  at  Mel  nils  Island,  in  tbe  Polar  Sea,  Lat.  74" 
il'  13'  ti.,  tbe  length  must  be  39.t;07  iucbes ;  at  the  Galapagoa 
lalundB,  Lat.  3«'  N.,  39.01719  tnchea  ;  and  at  Rio  Janeiro,  Lat.  Sf 
W  S.,  39.01206  inches' 

As  the  force  or  intensity  of  gravitation  decreases  aa  the  distance 
from  the  earth's  centre  increases,  it  follows  that  n  pendulum,  nbich 
would  DSBiUate  seconds  at  the  bottom  of  a  mounliiin  one  mile  in  pei^ 
pendicular  height,  would  not  perform  ao  many  complete  oacillatiuns  oa 
there  are  seconds  in  an  hour,  if  removed  to  the  top  of  the  mountain. 
^poee  the  radius  of  tbe  earth's  circumference  to  be  4O00  milea,  as  a 
—  ''s'  pendulum  would  at  that  distance  from  the  cetitre  of  attraction 
3600  limes  in  sn  hour,  and  therefore  86400  =  3600  X  fi'l  in  B 
k  it  followB  that  it  would  loae  Ibe  4000lh  part  of  86,400  seconds  in 
mij,  Bt  the  dialouce  of  40111  miles  from  the  earth's  centre.  Now 
MOO -^  4000  =  91.6.  that  is,  the  loaa  would  be  SI  °„  seconds  in  B  day. 
Etiw  length  of  a  pendulum  vibrating  aeconds  being  known,  that  of 
«  whioh  will  vibrate  balf-seoonds,  lite  those  of  most  Cable  clocks, 
^^r  other  portion  of  time,  may  be  readily  calculated.  For  lbs  limai 
Evibration  being  as  the  square  roota  of  tbe  length  of  tbe  peadolnm, 
ff  See  Abatracta  of  Papers  priatsd  la  the  PlitlaaopUcBl  Truuacdona  from.   | 


54  MECHANICS.  r^^^H 

beDce,  SB  one  Beoond  to  G.f  55i  the  square  root  of  39.135,  to  nil]  ^alf 
K  second  be  Id  the  sijuiire  rout  of  thu  pendulum  required  -,  thai  ia  as 
1  :  6.S66  :-.0A:  3.1875.  (he  aijDHFe  of  which  will  be  9,78.  But  Ihs 
length  of  (he  lialf-seooiiiia'  or  any  D[heT  |ieadulum,  may  be  alao  ibuad 
br  taking  the  squareaof  tfao  times,  which  will  be  directlj'  as  the  lengths 
of  the  pendulums  i  thus  sa  1  =  1' aec:  39.125  ^  i  .t5=^8ec. :  9.76, 
IB  befoie,  or  9?a  inches,  (he  length  of  ■  half-BetondB'  pendulum , 

A  pendulum  may  be  so  oooBtructed  ob  to  bare  ita  centre  of  uacillfr 
tion  ftr  beyond  (he  limits  of  ila  acturi  dimensions  ;  and  tbua  a  pen- 
dulum  only  one  foot  in  length,  may  be  made  lo  oscillate  as  alowlv  ts 
n  another  IS  feet  laag.     Suppose  a  rod  of  iron,  A  6,  to 

A^  be  loaded  at  both  en  da,  and  suspended  ui  ('.  so  that  it 

TT  might  vibrate  freely,  it  is  manifest  thnt  tliough  th* 

n  arc  described  io  each  vibnitioa  would  be  limited  by 

■  (^  the  leogdi  meaBurad  from  the  point  of  auspenaioD,  lbs 

teloeity  of  the  boll  li,  would  be  checked  by  tbe  oooii- 
terweiRbl  of  the  ball  A,  and  the  latter  beii^  moveable 
on  Ihe  rod,  the  rate  of  vibration  might  be  regulated 
at  pleasure.  An  instrument  of  this  kind,  called  s 
Metronome,  ia  osed  to  mark,  by  ita  oscillatiane,  the 
time  in  porTormin^  pieces  of  music. 
<  Arodof  uniform  dimensioDs  might  be  made  to  librste  as  a  peudiiliun, 
wilhoDt  sriy  ball  or  appends^  whatever  ;  hut  io  thai  case  the  eentn 
of  oscillation  would  be  raised,  and  Kuch  a  pendulum  must  oonaequeatly 
be  longer  Chan  one  of  the  uduul  form,  lu  a  unifomily  shaped  rod  of 
bar  suspended  at  one  extremity  so  that  it  might  vibrate  freely,  dw 
centre  of  oBcillation  would  be  at  two-thirds  of  tbe  distance  Iwtween  du 
|Joint  of  snspeniiDn  and  the  other  extremity  of  tbe  rod.  Force  applied 
at  that  part  to  arrest  the  motion  of  the  rod  would  take  oomplete  ^ect, 
but  at  any  other  part  a  stroke  would  cause  a  tremour  or  irregular  action 
of  the  laovii^  bt>dy.  Hence  this  point  has  been  called  the  Centre  of 
FercUEsion.  In  using  a  weapon  of  conBiderablo  lene;tb  and  nearly  (Iw 
fame  size  tiirougbont,  as  a  cudgel  or  a  sabre,  the  tnost  effeotive  nroke 
would  be  when  the  point  of  impact  coincided  with  Ihe  centre  of  par- 
cuasion  -.  the  situation  of  which  must  be  at  about  two-tbirda  of  iba 
length  of  the  weapon,  ita  oEacl  place  depending  chiefiy  on  tbe  relalh». 
weight  of  that  extrciaity  with  which  tht>  blow  is  indicted.  ^^H 


CBiIr.  of  Crai'ifj. 

In  eray  bad j  or  mass  ofmstlRTSt  rest,  Iherfeiuugl  be  ■  certain  jioinl, 
In  t}]e  direction  of  which,  any  force  actlDg  paraHel  to  the  surface  on 
Vrhich  the  body  is  placed,  will  either  be  resisted  )w  the  neiF;ht  and 
'iction  of  the  mnaa,  so  hb  to  produce  no  eSect,  or  if  it  be  auffioienll; 
wwerful  to  overcome  the  resiatnace,  the  body  trill  tnove  in  l£e  diieo- 
noD  of  Ibe  force  apnlied  ;  but  the  satne  force  acting  against  any  pnrt 
1>f  the  mrface  of  the  mosa,  not  borixontally  or  perpendicularly  oppo- 
point  BlreBdy  mentioned,  may  canae  the  body  to  vibmtc  or 
ind,  according  to  circumstances.  This  point  is  conunonU* 
tailed  the  centre  of  gravity,  end  sotnetimes  the  Cenltii  of  Inertia  -,  anil 
ttota  the  property  just  stated  it  mi^ht  be  termed  the  point  of  greatest 
reeialance.  Tbe  annexed  figure  will  serve  (o  ex- 
emplify the  pbenomenoa  now  desoribed.  Let  A 
be  the  centre  of  gravity  of  a  solid  body  with  n 
hemispherical  base  restinji;  on  bd  boriionUl  tdaue, 
then  if  preasure  be  applied  vertically  at  G,  it  is 
manifest  (hat  it  can  produce  no  motion;  but  if 
applied  at  B,  directly  opposite  to  ibe  centre  of 
gravity,  its  efleet  will  depend  on  the  degree  of 
lbrc«,  aa  a  small  force  will  be  destroyed  by  the  inertiitof  tbe  sotiil  mass, 


omthe  property  ji 


'4rLil6  B  greu  tone  will  be  partly  employe'd  in  cc 

d  partly  in  propelling  ibe  mass  stendily  along  tbe  level  plane.    Now 
(orce  he  npplied  at  i1  or  D,  or  any  other  point  above  or  below  £,  it 


ok  or  vibrate,  if  the  farce  be  small,  and  to  be  overturned  if  the  to 
I  mat. 

The  centre  of  gravity  in  all  bodies  is  tbnt  point  at  wlucli  the  influence 
gravitation  seems  lo  be  concentrated;  and  hence,  ID  any  body, 
iloas  that  point  be  supported,  moiiou  will  take  place,  and  be  ron- 
ined  till  the  body  settles  in  a  position  in  which  the  centre  of  gravity 
nnot  sink  lower.  Therefore  when  no  obstacle  is  opposed  to  the 
■H&an  of  a  body,  either  by  its  peculiar  figure  or  that  of  tbe  surface 
neath,  it  will  always  toiie  snch  a  position  that  a  hue  drawn  irom  the 
Btre  of  gravity  to  the  point  where  the  body  comes  in  contact  witli 
e  surface  heluw  il  will  be  the  shortest  tbst  'can  be  drawn  from  the 
Dire  to  any  part  of  its  auperficies.     Thus  an  oviform  boi'j ,  ^\ic*i 

in  the  laneied  figure,  would  not  stand  in  Ibe  poaiiiQti  le^eaeWeA. 
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but  woold  turn  till  Ibe  shorter  line  A  C  became  perpeDdionlar  to  S« 
■upporting  Burra<e,iDBtend  of  the  longeiline  A  B. 

Ifa  bodv  be  sapporteii  from  flbove.  that  is,  if  it 
be  snapenaed  &om  h  €xed  puipt,  heuging  frselji 
the  centre  of  irniTity  will  BlwnyH  settle  in  B  verticst 
line  beneath  die  point  of  BaspeaBion. 

The  exnct  Bituslianofthe  centre  of  gravity  must 
de])end  purtly  □□  the  figure  and  partly  on  the  uni- 
"  form  or  rarying  density  of  the  whole  muss  of  anj 

body.  Suppose  a  body  to  be  of  unifonn  denai^ 
throughout,  ita  centre  of  graTily  msy  be  eKperimentnlly  usoortained  by 
balancing  it  on  the  edge  of  a  square  isble,  in  two  positions,  when  tlie 
lines  of  eqoilihration  trill  intersect  etich  other  at  a  point  over  the  cen  lie  of 
gravity,  which  manifestly  must  be  in  the  centre  of  the  luaes.  A  body 
of  small  dimensions  may  be  more  accurstelj  balanced  on  the  edge  of 
B  knife  ;  or  if  the  body  can  be  conveiiiently  suspended,  and  a  plumb- 
line  let  fall  from  the  poJntof  suspension,  its  diTeetioDt)eingtmced  &01B 
two  audi  points,  will  be  found  to  intersect  each  other  as  before,  at  ■ 
point  on  the  auperGcieR  which  irill  indicate  the  situation  dT  the  ocDtre 
ofgmriCy.  If  a  body  varied  in  ita  density  indiBereDtparts,  indpol* 
■eased  considerable  Uiiclcnesa  in  proportion  to  its  length  and  breadth. 


of  gravity  of  soch  a  body. 

>nn  «nd  1(9  figure  regular,  the 

ointoftbe  mass;  ai Id  s  globe, an 


holes  bored  through  the  m 

When  the  density  of  a  body  is 
centre  of  grutity  will  be  the  central  pi 
elliptical  or  oviform  spheroid,  or  a  paraiieiopipeu. 

Tbesorface  of  a  tiiangle,  its  three  sides,  and  its  angular  poinla,  will 
■11  have  Ihe  same  centre  of  gniTily ,  situated  at  two-thirds  of  the  length  of 
a  right  line  passing  from  ^e  rertei  of  the  triangle  to  the  middleof  tha 
base  line.     The  centre  of  gravity  of  a  cone  will  be  at  Ibrce-foiirthi  of 
the  lenglb  of  its  axis;  and  that  of  a  hemiaphencet  solid  at  Gre-eighlbl 
of  the  radius.     A  pyramid  and  its  four  terminating 
points  will  have  the  same  centra  of  gravity,     Tha 
figure  of  a  body  may  he  such  that  the  centre  of 
gravity  will  net  be  included  wiihin  the  mass.  Thns  > 
hallow  cone,  asecommoneitinguisher,  or  any  body 
of  similar  shape, would  obviously  have  its  centre  of 
gravity  in  Ihe  void  sjjace  within  it ;  and  so  would  * 
bosin.shaped  body  or  boUow  hemicphere.    A  pieoa 


CEKTRE  OF   GRAVITY.  j^ 

4f  wire  tniitfd  into  the  form  of  ■  borleahoe,  or  at  a  hoop,  would  a!wi 
kve  iu  centre  of  grnvity,  nal  in  the  wire,   but  in  (lie  npen  spare 

hich  tlie  contra  of  gniyUy  of  i  body,  when  nnsup- 
tiorted,  tends  towards  tlie  Iot«eal  point  it  can  reacb.  may  be  illuetratHd 
by  nn  amusing  eiperiment.  made  witb  a  piece  of  wood  or  any  suitable 
MibataaDe  turned  in  tba  shape  of  a  double  coue  onited  at  the  buse,  then 
rule  be  opened  a  little  fray,  and  raiaed  at  tlie  open 
sort  of  inclined  pluie,  the  piece  of  wood  on  bein^ 
placed  at  the  bottom  of  tJie  plane, 
will  roll  along  to  the  raised  eitremitr 
of  the  rule,  aeeming  to  ascend  the  in- 
clined plane,  paasinj*  na  in  the  an- 
nexed figure,  from  A  to  B.  Thiais, 
howerer,  merely  an  optical  deception,  for  thecentre  of  the  double  cone. 
whioh  must  be  ita  centra  of  gmrity,  really  sinka  lower  and  lower  be- 
le  as  it  advHncea  to  the  open  end.  A  somewhat 
■imilar  experiment  with  an  inclined  plane,  servea  to  show  the  effect  of 
tbe  different  diatrihutioo  of  density  or  weight  in  different  parts  of  the 
body.  Suppose  a  cylinder  to  be  made  of  li^lit  wood  or  cork, 
and  to  hate  a  plug  of  leadpassed  through  it  fiom  end 
y'-^  ^^^    toend,  BO  that  ita  centreof  gravity  would  ba  nearita 

if      j^^-'^''^      suriaee :  if  than  il  icere  placed  on  a  moderately  in- 

S"''^ ]   clined  planewitb  the  loaded  side  to?rardatheasc6nt, 

it  would  necessarily  turn  till  tbat  side  rested  on  tbe 
bat  it  could  plainly  moie  no  further,  unless  replaced,  as  in  tbe 


figure, 


I  of  gravity  in 


eryai 


tZ 


bending  the  body  forward  so  na  to  bring  the  oenlra  of  gravity  over 

foet,preTioualy  to  assuming  the  erect  poailion  ;  or  else  lifting  the 
ijr  hj  resting  tbe  bands  on  the  book  or  sides  of  the  seat  or  some  other 
Dt  tn  inpport.  1'be  uttsr  incapability  of  locomotion  th«t  takeg  place 
ea  an  animal  is  ao  situated  tbat  it  cannot  by  ita  own  eflbrta  raise  tbs 
of  gravity  cf  its  bodyiia  atrnogly  eiemplifiedin  the  case  of  a  fat 

_ ,  or  ewe  with  lamb,  which  baa  been  so  unlucky  na  to  We  i<m»  («i. 

border  of  a  shallow  ditch  or  trencit  in  a  field,  and  loU  ofci  qq.\Vb 


{■mm  wbat 


ID  BtHled  it  is  eTident  tjut  Ibe  sUbilily  of  a  'body 


vessel  A  B,  aui^peDded  bj  t.  hnndte  ti 
fixed  near  the  bottom,  woald  inevitHbly  oTeraet  whan 
empty,  aa  the  centre  of  grsTily  C  would  Uien  be  above 
the  pointB  of  suspension  ;  but  if  a  very  heavv  suhstaiuia 
IB  quickBilvei,  or  steel-filiaga,  were  poured  loto  it.aoas 
to  m  it  to  the  line  D  £,  the  centie  of  gisvitj  would  be 
reduced  Co  F,  end  the  vessel  might  be  suspended  with 
Sflfaty.  HenceitmHybeperceiTedwhy  Tanannd  Bt^»- 
coBches,  if  heavily  loaded  at  the  top.  wQl  be  rery  liable  to  be  otst- 
turoed.  while  a  similar  or  greater  weight  placed  law  down  will  proTs 
._  a  security  &om  danger;    nnd  on  (lu< 

principle  "  safety  coaches"  buYO  beeo 
CDDstructed,  with  reoeptacles  for  heavy 
lu^^ge  under  the  bodies  of  Iha 
t&icles. 

The  effect  of  placing  the  centre  of 
^viCy  of  a  body  is  a  rery  low  situalioD 
■■  ■'  ■       In  Tibi^iiting  figutes,  such  m 


margin, 


other  toy  aforlheamnsenientofc  hildren , 
formed  on  similar  principles.  Thus 
likewise  a  long  stick  or  ruler,  placed 
loosely  on  a  bench  or  table,  witb  norv 
than  half  its  length  projectin;  bejond 
tha  edpe  of  the  board,  may  be  made  to 
support  a  bucket  of  water  or  a  half- 
bundred  weight  suspended  on  it.  llie manner  inwbiab  this  is  effected 
will  be  easily  comprehended  ^om  the  an- 
nexed figure,  in  which  let  AB  represenl 
ihu  stick,  which  must  bave  a  notch  or  noose 
at  tha  end  B,  ugainet  which  rests  anolbei 
stick  or  prop,  and  the  haudle  ofthe  bucket 
being  suspended  by  a  string  from  the  flrtt 
stick,  tha  prop  piesung  against  the  stfing  at  ita  junction  with  ibe  handls 


OF  SUPPORTING  T 


,ftfe>  tbe  backet  in  such  Bpasitioii  that  the  ^reslei  partof  itawei|^j 
id  conseqaMiIly  the  centre  of  grtvilj  of  the  whole  nppamtut,  ja  IB^' 
ated  by  the  lable  ;  and  tberefbre,  ao  hag  bb  the  porta  remBin  cun- 
«trd,  the  equilibrium  irjll  be  preaerred,  for  tbe  end  of  the  stick  B 
nnotbe  dapreased  without  raising  the  centre  of  gravity.  A  commou 
hBcco-pipe,  in  the  sBme  manner,  nuiy  be  made  to  euatain  any  weight 
lOrt  of  that  which  would  completely  cruah  it. 

As  ■  body  of  any  kind  cannot  retain  its  poaition  unless  its  centre  of 
avity  be  supported,  it  follows  that  stsbiHty  may  be  preserved  sn 
ng-  BS  a  line  directed  &om  that  centre  rerlically  towanU  the  Euiftcu 
low  Mb  within  the  polygon  formed  by  the  bsae  of  the  body  in  ques- 
in.     Hence  the  broader  the  base  of  any  body  the  more  securely  wiil 

stand;  and  oa  tbe  contrary  when  the  base  is  eitl«mely  narrow  a 
idy  wfll  easily  be  thrown  down.  Ifa  portion  ofany  mass  orerhange 
1  base,  it  may  atill  remain  staading  so  long  as  the  vertical  line  from 
«  centTB  of  gravity  falls  within  tbe  batie.^  Thus  a  column,  an  ohaUak, 

or  B  uKeplfl  miglit  iticline  aoniewhat  from  the 

perpendicular,  end  yet  stand  firm.  From  the 
inapectiDn  nf  tbe  annexed  figures  it  will  appear 
that  the  iadinatinn  of  a  column  might  be  greater 
than  is  repesented  in  the  first  figure,  where  ibo 
line  A  B  falls  within  the  base,  without  endan- 

Jering  the  stability  of  the  body  ;  but  it  must  he 
sa  than  iLat  in  the  second  figure,  where  the 
correaiionding  line  C  D  (ells  witbout  tbe  base. 

Most  very  lofly  builditiES  swerve  in  some  de- 
(!ree  from  the  perpendicular  after  a  time,  yet 
tbere  can  be  no  hazard  of  their  destruction  if 
■•  •>  property  erected.     The  monument  built  by  Sir 

Christopher  Wren,  near  London  Bridge,  to 
munemorate  the  great  fire  in  l(i66,  and  the  elevated  spire  of  Salia- 
UT  Cstbedrat,  bave  both  become  slightly  inolined,  but  they  will  pro- 
ibly  long  remain  to  aSord  standing  evidence  of  the  conaummate  skill 
'theirtespectiva  founders.  Travellers  have  freouently  noticed  the 
■ning  towers  of  Bologna  end  Pisa,  especially  tbe  latter,  which  is  oae 
indT»d  and  thirty  feet  high,  and  inclines  so  much  that  the  summit 
'erhmgs  the  base  fifteen  or  siiteen  feet;  yet  the  line  of  direction 
am  the  centre  of  gravity  dropping  within  the  base,  the 


\.tt» 


continued  lo  stand  or  rsther  (o 
bably  endure  centuiiea  lon^nr. 

A  cbange  of  the  position  of  i  body,  whith  leives  its  centre  of  gi 
unmpported,  must  neeossmrily  destroy  iia  slabiiitjr.  Hen 
earriage  is  liable  to  be  OTcraal  wlien  one  side  ii  rniaed  moi 
olhet  by  the  wheels  pngsiug  over  »  bank  or  by  Ite  sloping;  direction  of 
the  rosid  ;  and  an  orer- freighted  boat  may  be  capsized  aomevvhat  >n  the 
■sme  manner,  by  a  sudden  lurch  thrawiag  the  weight  oo  ooe  side. 
Bacb  an  accident  may  likewise  happen  in  consequence  of  a  person  in- 
eauliousW  rising  when  a  boat  incliues  to  one  side,  Che  siluaCion  of  tba 
centre  of  graviw  being  thus  altered,  so  aa  to  swamp  nr  upset  the  boat- 
The  unpoasibility  of  preaetving  any  position  without  keeping  the  lins 
of  direotion  of  the  centre  of  grarily  within  whut  mny  be  termed  the 
area  of  stability,  or  polygonal  surface  by  which  the  body  is  supported, 
maybe  eiperimentally  iUtistrated  by  observing  the  effect  of  placing  s 
perMm  to  stand  with  hia  heels  close  together  and  in  contact  with  ■ 
perpendicular  wall ;  for  with  suoh  a  position  of  the  feet  it  would  be 
nuDd  ihst  he  was  unable  to  stoop  sufficiently  to  touch  the  floor  with 
me  hand.    The  act  of  stooping  is  perfbnned  by  bending  the  lon-er  part 

1  „i.ii=  .!.„ .  :.  :„„i:„„d  forward,  and 

ered,  its  line  of 

direction  attU  hlh  vertically  between  the  "feet.  Now  ?  pergoa  with  his 
beela  and  of  course  his  back  also  against  a  perpendicular  wall  conld 
not  possibly  bend  backward,  and  in  attempting  to  lean  forward  be 
would  ineritehly  lose  his  balance  and  fall  down.  So  tfasi  one  rn^M 
aoatlera  handful  of  silver  or  gold  on  the  floor  before  a  person  stationed 
Bi  just  deecribed,  and  offer  him  sU  that  he  could  pick  up,  while  hs 
kept  bis  feet  unmoved,  without  the  smslleat  risk  of  losing  one's  mo- 
ney. For  the  sake  of  any  one  who  might  choose  <o  try  the  eTpen'ment 
it  should  be  remarked  that  the  terms  specified  must  be  strictly  sdbeied 
to;  for  if  the  heels  are  raited  BO  that  the  body  is  supported  by  the  toes, 
it  will  no  longer  be  impossible  to  sloop  sutfciently  to  touch  the  floor 
without  fallings  the  requisite  condition  therefore  should  be  that  the 


with  the 


wall. 


A  body  will  remain  atreat,  or  in  the  state  of  equilibrium  only  in 
cases,  DDmely.  when  the  centre  of  gravity  is  either  as  near  aa 
'j>  llie  point  of  support,  or  aa  far  from  it  aa  possible.     In  tl 
xae,  tbe  atsbiliCv  of  (he  body  will  be  secure ;   ia  the  latter,  a 
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lecnre  ;  eLub  b  heivy  elliptical  salid  laid  leogthnisa  would  require  a 
isideruble  force  to  remoie  it  from  its  place,  but  poised  eadwise  tUo 
[htest  impulse  vould  cause  it  to  lall  over.  When  the  centre  of 
ivitj  is  at  the  lowest  poiel,  a  bod^  ia  raid  to  be  in  the  slate  of  aUblu 
lilibrium  ;  and  when  it  ia  at  the  highest  poiat,  in  the  state  of  inslable 

ianj  feats  of  dexterity,  as  wntking  on  stilts,  doncisg  on  the  tiaht 


pe,  standing  on  a  slack  wire,  and  balimi 
:  at  rest,  depend  chiefl}'  on  the  power 
able  equilibrium.     Walking  on  stilts. 


(  bodiei 


bythjl 


practised  by  schooln  I 
EOQvenienca  by  tin 
)  in  a  district  called  the  Landes  in  the  soatb-western  jmit  a 
The  country  tliere  bein^  a  sandy  level  sometimes  cOTe"' 
illi  water,  tbe  iheplierds  on  leaving  home  take  tlieir  lofty  stilts,  a; 
^*'~~  IQ  might  n  pair  of  pattena  in  wet  weather  ;  and  they  may  be  ol'tWj  J 
striding  along,  on  their  artificial  supporters,  at  an  immense  rate.- 1 
art  of  rope-dancing  is  facilitated  by  balding  in  (he  bauds  a  lon^  I 
in  a  transveise  direction ;  for  a  trifling  elevation  of  one  end  of  Cb^  ■ 
and  consequent  depression  of  the  other  may  be  made  at  any  timi^  V 
ijrevent  the  lateral  deviation  of  the  centre  of  gravity  from  ■•"  —  ' 
~~  position  vertically  above  the  rope.  Standing  or  walkini 
ik  wire  appears  to  be  a  more  arduous  feat  than  moving  on  tlie  ti^(,  I 
i  yet  it  is  practised  merely  by  keeping  the  arms  eitended  to  pr»j  I 
a  tbe  equilibrium  ;  and  sometimes  in  that  altitude  the  perfonner  f 
[1  make  a  further  display  of  skill  by  balancing  bodies,  one  abor*  1 
"  er,  on  his  cbin.  Occasionally  an  eiliibition  of  dexterity  on  tbai,  I 
wire  is  made  to  appear  more  difficult,  by  the  performer  havina^V 
>d  to  him  a  chair,  and  a  amall  table  which  he  fixes  across  Ib^fl 
by  resting  un  it  the  rails  wbich  connect  the  legs  of  tbe  chair  aa^X 
Ae  table,  then  seating  himself  in  the  chair  and  placing  bis  l'eetaboir«W 
~  &ont  mil  of  the  table,  he  keeps  the  whole  ai^curately  equipoised  I 
1  when  the  wire  is  made  to  awing  from  aide  to  side.  But  thougb 
feat  has  a  more  imposing  effect  than  ataoding  alone  on  the  wire, 
e  is  no  doubt  but  it  may  ha  perfarmed  with  (creater  tiLCtlit;^  g 
tbe  table,  and  in  a  less  degree  tbe  chair  also  serve,  like  the  j—'~  — 
hands  of  the  rope-<luncer,  to  assist  in  maintain 
^  vity  in  its  proper  place. 

Thesa  feata,  cniioua  as  they  are,  appear  much  less  wonAeTfu.V  'i> 
eihibitiona  dewribwl  by  soma  ancient  writers  ot  tes^ecMilQii.t' 


MECHANICB. 


wbich  elepbsnts  are  lepreseated  as  walkine  on  a  tigbt  ro]ie.  Tbs 
difficult;  of  proBHrriog  (La  ooutniof  grarity  of  bo  ud wieldly  an  Boimal, 
monng  on  such  a  narrow  lina  aeenu  neuclv  to  approucli  impoasibilitj; 
but  the  eridenoe  of  ttie  hcl  sppaars  to  be  deaerring  of  credit.* 


Nature  presents  to  our  notice  force  capable  of  producing  motion, 
under  tsrious  modifications.  The  Height  of  solid  bodiea,  tboimpuUs 
of  Bowing  water,  the  pressore  of  currents  of  air.tbemosculareiertiuiis 
of  men  or  brute  animnla  afford  familiar  examples  of  different  kinds  of 
forces  or  meaoa  of  originating  motion  ;  and  it  is  the  peculiar  provinoe  of 
mecbanica)  science  to  supply  rules  fur  ^e  accuniulatiuu,  distribution, 
application,  and  expenditure  of  tbese  or  any  other  forces,  in  the  mMt 
edvuitageoua  manner,  by  means  of  mecbamt  power  ormaohincrj. 

In  investigating  the  effect  produced  by  any  machine,  there  are  tbiBe 
things  to  he  considered:  1.  The  nsture  of  the  force  applied,  generally 
styled  the  poKer;  S.  The  force  opposed  to  it,  called  (he  resistance ;  and 
5,  The  point  or  points  of  connexion  between  the  power  and  the  resisl- 
aoce,  which  when  there  is  only  one  point,  as  in  the  moat  simple  ma- 
chines,  may  be  termed  the  centre  of  action,  and  where  there  are  two  or 
more  such  points,  the  action  oftlie  antagonist  forces  must  be  disdl- 
bulsd  over  those  poiols. 

Wnigbt  being  in  itself  one  of  the  most  eScieutkinds  of  force,  audit 
the  same  time  a  common  property  of  all  bodies  to  which  force  can  be  ap- 
plied, ithiial)een  very  properly  adopted  as  a  convenient  mesfluro  or  me- 
dium of  comparison  ofmoying  forces  in  general.  Butas  the  mere  we^]>t 
of  a  body  in  motion  can  afford  no  jua(  mdication  of  its  impulaive  forcr, 
the  term  moment  or  momentum  has  been  adopted  to  denote  the  abaolute 
force  of  a  moving  body  with  refereoce  to  the  effect  it  is  capable  of  pro- 
duoing.  The  difference  between  the  force  of  a  body  at  rest  and  thaler 
Uie  same  body  in  motion,  that  is  between  its  weight  and  its  m 

*  "  NotJSBiiuua  Eques  Romi 


,  will  be  o 

vioo 

on  the  slightest  consLderB- 

manui  olcphaDin  aupersedcns  per 

ohave  noticed  the  exhiWtlooB  of 
*»m.'j  JlUl.B/  Ini'^l.  &g.  n 
tiuD  tlie  fonng  reader  aeaiul  o 

B  to  other  wrt- 
Icphanu  on  ths 

Ike  original  sourcei  of  moHon,  as  animal  strcDgtlt,  aofflDE  wi 
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tiM.  Thag  B  Dinslet-bsll  which  might  not  ba  hnvy  enough  to  bresk 
hrough  B  eheet  of  dssua-paper,  when  laid  gentJy  on  it,  n-ouid  perforite 
muob  firmer  eubstaoce,  if  dropped  on  it  (nim  a  cansidemhlo  hnight, 
•Od  fired  from  a  gun  it  would  penstrate  a  thick  deal  board,  llie  mo- 
Inealum  of  a  body  than  mnsi  be  eHlimated  by  its  weight  and  velocitj 
iBiken  together-  From  wbu  ban  been  stilted  claewhere  it  may  be  in- 
'  1  that  acy  force  which  would  drive  a  body  weighing  two  ponnds  i 
dislSDce  in  one  minute,  would  drive  a  body  weighing  but  one 
I  twice  Bs  far  in  the  game  time ;  and  hence  the  relocityof  the  lat- 
bodj  would  he  double  that  of  the  former,  though  both  impelled  by 
•ame  force.  Both  bodies  alio  would  have  the  same  momentum,  as 
will  Bppear  ou  multiplying  the  relocttyof  each  body  reapectivel?  by  its 
ureight :  for  the  velocity  of  the  firsUDentioned  body  may  be  represented 
V  !•  ""^  ll"*  of  tliB  lastmenfioned,  being  double  the  other,  by  S : 
|bBDllb.xl  =  S,  and  llb.x8  =  a.  And  the  same  result  will  be 
obtained  if  we  lake  the  nhole  distance  pas!ied  Uirough  by  each  body  in 
le  BS  the  measure  of  its  velocity  :  for  suppose  the  hody 
weighing  two  ponods  to  run  a  quarter  of  a  mile  in  a  minute,  and  that 
treigbing one  pound  halfa  mile  inthe  same  time;  tbeo  Jm.  =  .S5XS 
^  50,  im.  ^  ,bOXl  =  i^  i  the  som  expressing  the  momentum  of 
■ither  body  being  the  same.  Since  the  momentum  of  a  moving  body 
is  to  ba  estiniDled  by  its  weight  multiplied  into  its  vdocity,  it  follows 
ihia  ■  comparatively  small  body  may  by  the  celerity  of  its  motion  pro- 
Juoe  ■  much  greater  efiocl  than  a  body  of  fat  saperior  bulk  moving 
riowly.  Suppose  the  weight  of  a  battering  ram  (such  as  was  anciently 
'  '  irar)  to  bs9!0,000  pounds,  and  that  it  moved  at  the  rate  of  one 
second ;  and  the  weight  of  a  cannon  ball  to  he  3'I  pounds,  and 
ovedlOOO  feet  in  a  second,  then  the  momentum  of  the  former 
i  10,000  X  1  =  aO.OOO,  and  thai  of  the  latter  1000  X  3S  = 
33,000;  and  consequently  the  efTective  force  of  the  cannon-ball  would 
""more  than  half  aa  great  again  aa  that  of  the  ram,  notwithstanding  ita 
imeuse  superiority  of  weight. 

The  mechanic  powers  are  simple  machinea,  or  instruments,  by  meani 
which  the  acting  force  technically  styled  the  power,  is  to  be  applied 
the  force  which  must  be  overcome,  or  that  called  the  resiatf —  '"" 
.vantage  which  is  obtnined  br  usisg  these  mechanical  agoi 
mi  the  distribution  of  the  resisting  force  among  tbe  diRereut  partly 
.a  machine,  so  thai  the  potlion  of  it  which  is  diteial'j  auiTOimei., 


^ 


small  proparti 


S4  »Ec. 

counterbolanced  by  tlie  powpr  I 

wbole ;  nod  thus  a  power  insuiBcieiil  lo  cominunicals  motion  to  a  bod; 
or  BUjiparl  itH  pressure,  wittiouc  meclmtiicil  asaiatHUce,  mil)'  effect  ths 
purpose  for  wfaich  it  is  emplojed,  by  trsnsforriag  n  purtof  tLe  wei(^t 
to  one  or  more  of  thoas  points  already  nnCiced,  whether  it  be  the  Ailcrnm 
of  n  levari  ibe  wheels  of  a  pulley,  or  the  surface  of  an  incliaed  plose. 
Different  authors  hare  varied  coasiderably  in  the  enumemtion  of  ths 
aimple  machines  or  mechanic  povrera,  from  the  eombioation  of  whicii 
and  their  aeretal  modificaliona  all  other  mscbinea,  iaclading  those  of 
tbe  moat  complicated  nature,  are  produced.  Considered  aa  modes  of 
the  application  of  impulse  to  overcome  resiatance,  all  the  metdianie 
powera  may  perhaps  be  most  correctly  arranged  uader  tbieo  diviiiiona : 
1.  The  Lever;  3.  The  Multiplied  Cord  ;  3.  The  lucliuud  Plane.  To 
Ibeae  some  have  added  tbe  Wheel  and  Axle,  the  Pulley,  Ibe  Wedge, 
and  the  Screw.  But  tbe  wheel  and  aile  is  only  a  variety  of  the  lever, 
the  principle  which  regulates  tbe  ection  of  both  maobioes  being  pre- 
cisely tbe  BBme,  Tbe  puller,  so  far  aa  it  possesses  any  distin^shin^ 
property,  must  be  considBred  as  a  multiplied  cord ;  but  in  practice  it  ia 
■Iwaya  used  with  whefta.  and  consequently  it  partakes  io  aorne  degree 
of  the  nature  oftbeUrer,  The  wedge  ia  nuthiag  mure  than  a  double  in. 
dined  plaoeappliBd  in  a  peculiar  manner,  and  acting  exactly  aaaaiogle 
inclined  plane,  but  with  twk^  the  etlect.  The  acrow  u  a  luodilication  of 
tite  inclined  plane,  usually  operating  Ibrougfa  the  aaiiatance  of  a  lentr. 
All  these  iastruments  have  been  coniimonly  regarded  aa  ao  many  simple 
maefaines  ;  il  may  therefore  he  as  well  lo  describe  them  separately,  and 
in  such  order  that  tbe  devek>pm*Dt  of  (heir  respective  properties  may 
illDStrate  the  aDslogias  among  them  which  have  been  juat  pointed  nut. 

Tht  teuer. 

Ilie  principle  of  action  of  all  tbe  mechanic  powers  is  founded  on  tba 
doctrine  of  equilibration,  nud  is  tfierefore  intimately  connected  with  the 
theory  of  the  ceatre  of  gravity,  which  has  been  already  eipluined.  Al 
no  single  mass  of  matter  can  remain  in  the  state  of  equilibrium  ualeaa 
its  centre  of  gravity  be  supported,  ao  any  number  of  bodies  con 
togetliei  must  Lave  some  common  centre  of  gravity  on  which  thej^ 
restSBCurely,  if  undiaturbed,  or  oacillata  round  that  ' 

pulse  is  appliifdoD  either  side  of  it. 


"      weigmng  iiiree  pounds,  ana  a 
•"^M   weiehing  but  one  pnund,  to  b( 
6xM  lo  tbe  opposite  ends  of  m 
binr;  then  vhateTec  might  be  tbe  length  of  that  bar  (praTided  il. 
of  ennal  diumeter  throaghout),  the  ceatre  of  gnvity  of  the  (hreoi    ' 
-eotHl  b--"- '-■  ■-- ' ■  -'■■--  ■-- >— -  -J 


bodies 


Duld  be  a] 


]f(hel 


'n  Ibt  Ironi  the  lighter  ball  Bafrom  the  boBvier,  the  weight  of  tlie  lattep 
being  three  times  as  great  as  that  of  t!ie  former  ;  and  the  bar  being  Bup' 
ported  at  that  point  the  equilibrium  woubl  be  mointaiued.     Such  n  b&r 
n-ould  be  a  kind  of  lever,  with  reapeottawhiob  the  large  ball  niighEre' 
preacrt  the  reiiatance,  or  forae  to  he  overoomei  the  smell  ball  tha     , 
power  ■pplied ;  and  tha  Bupponing  point  the  prop  oi 
teohuically  alyledthe/ulenim,  which  le  a  Latiu  word,  signifying  a  prop,    J 
The  mode  of  action  of  tbe  lerer  may  be  further  illuxtrnted  by  ab^   1 


B  tbsnuelvM   I 


w  number  of  boys 
bd  that  the  Bum  oj 


Ciathefulcrnm.BDdinor; 

der  for  tha  plank  to  he  eqnf  ■• 

poised,  it  mu9t  be  ahined 

into  such  a  position  that  the 

greaterweightoftheboyD 

nearest  tbefulcrum.maybe 

ited  by  the  graBter  distance  from  that  fulcrum  of  the  boy  E. 

iber  01  boys  mij-ht  be  placed  at  either  aide  of  the  fulcrum,  pro- 

that  the  Bum  of  the  neigiila  of  all  the  boys  on  one  side,  multi. 

by  their  reapectiTB  dialances  from  the  fulcrum,  were  equal  to  the 

I  of  tlie  weights  of  the  boys  on  the  other  aide,  multiplied  by  their  dis- 

les  respectively  from  tlie  seme  point.     Thua,  auppoae  the  plsak  to 

_«relve  feet  long,  nod  the  fulcrum  to  he  placed  four  feet  from  the  enil 

'iben  a  boy  webbing  thirty  poundB  at  die  eud  fi  would  counterpaiae 

'  'ler  weigbii^  aiity  pounds  at  A  ;  or  the  same  boy  at  I)  would  aup- 

twD  boys  weighing  forty  pouoda  eacb,  one  being  placed  at  A,  and 

ther  two  feet  nearer  the  fulcrum.     This  will  appeur  finm  caloula- 

fbrthe  weight  of  tlie  boy  E,  30  x  B.  his  distance  from  ttio  ^"^jj 

,giie»  for  die  product  340;  (he  weight  of  the  boyD,  60  > 


toCBANIC 


o  imS^^ 


i 


diaUnca  from  the  fulcruni,  alto  ^vea  £40;  nnd  the  weight  of  omtfl 
at  A,  40  X  4  =  1 60,  and  BDOtberBt  two  feet  hoai  the  fulc 
^  SO,  will  by  the  addition  of  the  prodnctg  make  <4U. 
being  tliua  brooghl  to  a  state  of  equilibration  must,  in  order  tc 
vibrate,  hare  Eome  impolae  given  to  it.  either  by  the  boya  moving  unini- 
taneaualy  upward  on  one  aide  and  downward  on  the  ollier.and  ao  on  ; 
or  hv  preasing  alternntely  with  their  feet  against  the  surface  below,  la 
either  end  pre]ion derated  ;  or  by  any  conesponding  motion. 

It  baa  been  proposed  to  adopt  the  principle  of  the  leeann  in  the 
conelraclion  of  machinery  for  eaonomical  purpoaea.  In  the  JouthoI 
lies  jraiviiii,  Juoe  13,  167B,  an  engine  ia  deaoribed,  by  means  of  which 
cripples,  if  ei'en  deprived  of  their  limbs,  being  placed  oa  the  extTami- 
ties  of  along  lever,  might,  by  the  alternate  inclination  of  diair  bodies  in 
oppoaite  dtreetiona,  produce  sufficient  effect  to  work  the  pisUina  of 
pumps  for  raising  water.  And  in  the  same  journal  a  description  ii 
girao  of  a  vibratinj  cjundrangular  frame,  at  one  end  of  whieh  Ibar  per- 
sons standing  or  sitting,  might  by  tbeir  regulated  efforts,  in  depreasio^ 
and  raising  tbe  frame,  communicate  a  vertical  motion  to  a  saw  tot  cnt- 
line  timber ;  horiwintal  motion  to  aurfaces  for  poUsliing  malble,  or 
levigating  powders  ;  force  to  a  pair  of  abeara  for  cuttiug  through  plates 
of  metal ;  or  rotatory  molion  to  awheel  for  any  purpose. 

f  Since  the  momeatuni  of  a  bodjt  ii 

.--'''\        always  to  be  estimBted  by  its  weig;ht 
/•-.  .--''  \      and  velocity  multiplied  together,  Mid 

the  velocity  by  the  space  described  by 
a  moving  body  in  sfaven  time,  iiwifl 
follow  that  the  momestuiQ  of  bodies  in 
a  state  of  equilibration  must  be  the 
same.  For  let  A  B  represent  a  lever 
k  e))t  in  eqnilihrinm  by  t  wo  I  eaden  balls, 
the  larger  weighing  two  pounds,  and  the  smaller  one  pound  ;  then  ann- 
posB  the  weights  were  removed,  the  lever  would  take  tbe  direclion  E  B, 
the  eitremity  A  would  describe  the  small  arc  A  E,  and  tbe  eitremity  B 
the  arc  D  D,  and  those  ores  would  denote  the  spaces  moved  through  by  ^ 
rsipectiveeudaorthe  tever.  Hence  tbe  momentum  of  the  two  wei^ls 
necesaary  to  preserve  ihe  eijuilibrium  <if  the  level  may  be  found  by 
multiplying  (lie  absolnla  weight  of  each  by  the  number  repreeauting 
the  velocity,  or  space  deecribed  :  if  therefore  the  arc  B  D  be  two  inches, 
and  A  E  one  inch,  it  muat  be  obvious  that  the  products  of  the  reajiKT. 


Mweights  and  Tcloci lies  multiplied  to^tHei  will  in  each  cage  be  two, 
Idch  would  eipraBB  the  momenlnm  or  moving  force  eserted  by  eaoh 
to  prcBerre  tbe  Bquipoiee  of  the  lever.     It  mtul  iilao  he  nodced 
I  m  B  D,  or  F  D,  wUl  always  be  in  a  direct  proportion  to  chi 
!»  G  B,  and  the  arc  A  C,  or  E  C,  will  bear  the  SHme  proportioa  0. 
t  line  G  A ;  BO  that,  whetbei  the  numbei  of  pounds  in  each  weigMl  I 
•nnltiptied  by  the  number  of  iachos  in  its  corresponding  arc,  or  b*  I 
nimber  aipiesiring  iu  distance  from  Ibe  fulcrum,  the  regult  w3  'I 
'themomentomofbothweigliCs  to  be  tbe  same.     For  let  G  B  be  I 
iches,  and  G  A  6,  then  18  x  I  =  6  x  S  =  li 
lerer  theorelically  considnred  must  be  nn  inflexible  rod,  of  uni-  1 
weight  in  eiery  part.  turniDjr  freely  on  a  fixed  point  or  fulcrum.   I 
e'Hie  three  kinda  or  orders  of  levera  :  1.  That  in  which  the  powsr  I 
VDd  the  resistance  R  act  in  the  same  diiectioo.  having  the  fnlcruit  1 
wbioh  tbe  power  uid  the  resistance  ury  I 
VppOBits  dirertiona,  the  Utter  being  between  the  fulcrum  and  tbt  ] 
nrer;  3,  That  in  whicb  tbe  power  and  the  resistance  are  b]«o  opf.J 
IKd,  the    former  occupying  the  intprmediac   -------       --■    <-----  ■ 

jpoaed  M  the  '  ' 


fulc. 


a  lever  of  the  first  kind,  Ihoae  ptirta  on  each  side  of  the  Met 
enned  tbe  arms  of  the  lever;  and  the  greater  the  relative  length  of 
arm  with  which  the  power  is  connected  compared  with  that  to 
Ji  tbe  weight  or  resistance  ia  attached,  with  so  much  stronger  effect 
I  tbe  power  be  enabled  lo  act.    Aa  the  power  will  retain  the 
Bquilibrium  nbeo  its  mouientumis  barely  equal  to  that  of  the 
^^^      it  muat  have  a  greater  momentum  in  order  to  produce  motion, 
tn  momentum  or  acting  force,  ao  far  3B  it  depends  on  the  leveCi. 
derived  &om  the  superior  length  of  tbe  arm  with  which  it  is  con- 
>d  J  and  therefore  in  order  to  raise  the  weight  or  resislanoe,  the 
IT  mnat  deicend  through  a  apace  aa  much  greater  than  that  through 
ncfa  ibe  weight  rises,  AS  the  length  of  the 
lisd  ii  greater  than  the  len^ib  of  that 


I 


sppended.  Thus,  by  means  of  iLa  leiBr,  a  tnnal!  power  c 
great  weight ;  but  in  ibis  coao  tin;  space  passed  tbrongb  by  the  poitm 
will  always  be  grester  llian  tbet  through  which  the  weight  mayea ;  sud 
the  greater  the  advantage  wliich  the  power  derivea  from  the  lever, 
ihe  grealet  must  be  the  difference  of  ibe  lenptUof  itsurms.andcoiae- 
ciuently  the  leas  will  be  tlie  motion  of  the  weight. 

A  long;  lexir  turning  on  » 
^;;;;;Ml^l,_^_^  slrongironpio,  as  shown  ii 

B- H  T^lrr^^^^^^==r-^  '^^  margin,  ia  used  by  » 

t&f  M                    ~-~^=Si;-;^  tJUery-ineQ  to  rsiao  piecei 

itt^TjL^L ~^~^^^^:^  of  ordnance  or  other  greal 


r  great 
igbta.  Wheelwrights  lod 
iiiBtrDCdon,  but  bKTing  i 
ith  this  ihev  raise  ■  car- 
I  a  wheel,  trowbars  Bod 
is  the  inatrumant  called 
wreDchJDg  off 


tfladanalers  employ  a  lejer  of  simili 

shorter  bundle,  and  a  higher  fulcrum,  bi 

Tiage  OD  one  side,  when  they  want  to  remore  a 

bmideiiikes  are  lesera  of  a  aimilar  kind,  as  also 

a  jemmy,  used  by  thieyes,  in  hreatiug  open  doors 

locks  ur  other  fastenings.     A  pair  of  Ecissars,  snuffers,  or  pioci 

siats  of  two  levera  turning  un  a  rivet,  which  aery ea  sslbefuloiuai,oiions 

aide  nf  which  power  is  applied  to  overcome  resistance  on  the  other  side. 

HCliDf  with  coniidtrabla  effect  in  dmwing  out  mile. 
In  this  case  the  line  of  direction  of  the  power  will  be 
perpendicular  to  that  of  the  reaiatsnce,  as  appears  from 


the  margins)  £curi 

Here  tbe  advantage  obtained  by  the  power  is  to  be 
stimaled  by  its  verticBl  distance  from  the  fulcrum  AC, 


the  fulcTom  and  the  resistance, 

When  the  power,  or  resiijltti 

wilt  he  diminiiihed,  according 


J©R 


X 


Drizontal  distance  C  D,  between 
■epresented  by  ibe  weight  B. 
■e,  or  both  act  obliquely,  their  efSkct 
I  the  degree  of  obliquity. 

Suppose  A  B  to  represent  a  lever 
turning  on  a  fnlerum  at  F,  and  let 
A  R  be  the  direction  of  the  powei 
P.  and  B  S  that  of  the  weight  Vf  ! 
then  iftlielineR  A  be  continued lo 
C,  and  the  line  S  It  to  D.  and  lbs 
perpendiculars  F  C  and  F  D  be 
drawn  from  Ite  fulcrum  lo  meet  the 


THE  LEven. 

of  direction  in  the  points  C  and  D,  (lie  ninmeiituni  of  llic  power 

he  as  its  weight  multipliflil  by  llie  number  denoting  the  length 

'C  F,  rand  IhemnmentamoftheriiBistanM'  will  be  S9  its  weight  nm)^ 

lied  by  the  numbei  denoting  the  length  of  D  I',  ' 

A  bent  levee  will  afibrd  less  ■ 

ht  one  of  I 

iaigth.    Thua,  let  H  E  bi 

i  ^^^^^y  curved  laver  supported  at  F,  i 

^.^jr^^^^^^^|^___  (-   Iisring  the  power  Buapended  Bl 

ii^r^  _  mentumoftfiefbrmerB-illbe  foui 

by  mullipljiiig  ita  weight  by  ti 
&  ^     line  F  G,  or  D  E,  and  that  of  thii  1 
latterbymultiplyingita  waightlw   1 
the  line  A  F,  or  li  C. 
Whalever  may  he  tiie  nature  of  Ibe  lever  employed,  os  wtethoc  It.  j 
I  oftbefiral,  second,  or  third  kind,  its  mode  afaction  is  in  ore 
be  ezplaiaed  according  to  the  principlesalready  laiddown.  ' 
^  "    of  the  second  kind,  in  which  the  resistance,  or  weight  to  b 
placed  between  the  fulcrum  nnd  Che  powG 
^  I  of  the  latter  will  be  increased  in  the  same 
distance  or  space  between  the  power  and  the  fulcr 
between  the  resi stance  and  [ho  fulcrum. 


y— -c 


-r^;^ 


Tie  annexed  figure  (1)  represeota  the  manner  of  using  n  hnndan 
ttr  »  ■  lerer  of  the  first  kind  ;  (9)  ebows  bow  a  aimilar  ' 
iloyed  u  a  lever  of  the  second  kitirt;  the  point  of  the 

^  fixed  against  the  ground  or  surface  below  the  body  to ^u 

the  power  applied  to  the  opposite  end  of  the  lever.     Among  lh«  J 
oaseiamples  which  might  be  adduced  of  levers  of  the  aecc  -  ^      '-     * 
-  be  meotioned  the  knife  used  by  druggists  for  chipping 
laia,  vnd  other  medicinal  woods  j  one  end  being  connect' 
8  by  B  hin|;e  on  whioh  it  moves  as  its  fulcrum,  ttie  ^0^*1 
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plied  In  tte  handle  at  tlie  opposite  Hitremity, 
cliipped,  forming  llie  rasiHtance,  is  pluced  between  them,  and  is  cut 
through  by  the  edge  of  the  biife  preaaing  it  against  tlie  tnble.  The 
cntting-blade  used  by  chuff-cutters,  and  tboBe  of  coopers,  and  pBtten 
Bud  last  IllB1[(^rs  are  likewise  made  lo  act  on  the  principle  of  a  lerei  of 
the  second  order.  In  rowing  a  boat,  regarding  it  sa  the  weight  or  re- 
sistance to  be  moved,  tbe  water  must  be  considered  as  the  fulcmni. 
n^nst  wbich  the  pressure  of  tbe  blade  of  the  oar,  acting  as  a  leirer 
tbe  second  Idnd,  moved  by  the  hand  of  the  wHlflrman,BS  the  power, 
the  opposite  extremity,  produces  the  motionof  the  boat.  A  pair  of  ni 
oraekets  is  fotmed  by  two  levers  of  tbe  kind  just  deeoribed,  moving 
on  D  hinge  )is  a  rulorum;  and  so  Ukewiseisslemon-Bqueeier.  When 
two  men  bear  a  weight  on  a  hand-barrow,  one  of  them  may  be  con- 
sidered SB  occupying  the  place  of  the  power,  and  the  other  that  of  Iba 
fulcrum.  If  they  have  both  the  same  degree  of  strength,  and  can  sup- 
port tbe  barrow  m  a  horizontal  direction,  the  weight  or  burden  ahoold 
be  eiaotly  between  them ;  for  if  it  be  placed  nearer  to  one  than  lo  tb« 
other,  an  advantage  will  be  giveu  to  tbe  man  stationed  farthest  from 
it ;  and  in  going  np  or  down  hill,  tho  bearer  of  the  lower  end  of  Out 
barrow  must  support  ibe  greater  part  of 
In  a  level  of  the  third  kind,  the  pi 

Ibsn  the  weight  or  resistance  (sea  p,  67),  ^  

side  of  the  tatter;  and  therefore  a^eater  degree  offeree  would  be  i«- 
quieite  to  support  or  more  the  weight  by  means  of  ausb  u  lever  thin 
that  which  would  suffice  to  produce  the  same  effect  without  the  oid  of 
any  machine.  But  in  (his  case  the  power  will  raise  the  weight  tiitongh 
a  greater  apace  than  that  through  which  the  power  itself  passes,  and 
wUI  consequently  cause  tbe  weight  lo  move  with  a  velocity  beyond  its 
own.  This  will  agiptar  from  (he  inapection 
of  the  narginal  iigure,  in  which  the  power 
F,  acting  over  a  pulley,  from  the  poini  of 
tbeleverp,  will,  in  moving  the  lever  to  the 
poaition  F  p  W,  raiae  tbe  weight  or  roiiat- 
ance  from  ui  to  W ,  white  the  power  onl] 
pasaea  through  the  space  from  p  to  p ; 
I  deBcribedby  the  weight  will  be  the  arc  uW, 
and  that  described  by  the  point  from  wfaicb  the  power  acts,  will  be  Iba 
Ttry  tmsU  vc  pp.    This  kind  of  levar  therefore  ia  not  used  to  a< 
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comft  gmt  xeaiavaux,  but  eilberto  moves  weigtit  witli  greet  speed,  oi 
ban  in  peculinr  adapUtiori  to  some  paiticuUr  purpuea.  Thus,  a  builder 
^.raising  *  long  laddei  from  the  hotbontBl  position,  to  place  it  Bgainit 
^  irall,  fioda  it  eooreDieat  to  fil  the  footof  the  laddei  neainaC  sbloek  or 
fbme,  an  afilcrum,  and  laying  bold  of  che  ludderaciiall  orlliree-faurtbs 
^ittleagtb,  lieEUpporta  at  first  tbe  greater  piutof  ila  weight,  bot  gra- 
dually bringing  it  neBror  and  nearer  to  a  porpendieular  posioon,  he 
Vhifts  hin  hands  accordingly  from  the  point  where  he  first  giusped  it,  till 
he  can  bring  tbem  low  enough  to  beep  Ihe  ladder  upright,  and  then  it 
>iB]rbe  I'emoTHd  to  tbereqaired  ntuatioD.  Ttie  troadle  of  a  turning- 
ffaa,  or  gnnding-macliine  affuids  s  familiHr  exuuple  of  a  lever  of  the 
fliird  order,  in  which  tbe  prasBure  of  the  fool  becomes  the  power, 
IPhinh,  BoCing  between  tbe  fulcrum  and  the  resistance,  gets  the  machine 
Sa  motioD.  Id  a  pair  of  tonga,  or  abenra  used  in  clipping  the  wool  irom 
idieep,  two  sQch  leiera  are  coimected  so  as  lo  have  the  fulcrum  at  the 
^int  of  junction,  and  tbe  hnud  in  using  one  or  tbe  other.  Bets  as  the 
BOwai  between  the  fulcrum  and  the  resistance. 

,  But  the  most  interesting  aiamplea  of  the  apphcation  of  such  levers 
Imr  be  found  in  the  structure  of  animals.  T bus,  (he  fore-arm,  connected 
^ID  the  upper  part  of  tlie  arcr>  b^  the  tilbow-Juiut,  moves  on  tliat  joiat 
jH  a  Allcnim,  the  power  that  lifts  or  beuda  it  being  supplied  by  the 
ifontnclion  of  muscles,  acting  from  points  between  tbe  elbow  sad  the 
Wtiat.  The  whole  arm  ia  raised  from  tbe  side  of  the  bady  to  an  hori- 
^ntal  position  in  the  same  manner,  obietly  by  the  action  of  a  strons 
"DDicIa,  called  the  Deltoid,  fbrminE  the  Hesuy  part  of  tbe  shonlder,  ai^ 
jtretchiDg  down  on  tjte  outside  of  the  arm,  with  the  bone  of  whith  it  is 
jfomly  connected.  The  bending  of  tbe  knee-joint  and  the  hip-joint  in 
l^aUnog,  is  performed  by  tbe  corresponding  action  of  strong  muscles; 
~  d  in  various  parts  of  the  human  frame  motion  takes  place  in  a  similar 
uuwr.  In  the  lower  orders  oftmimalsananalogoDS  kind  of  machioery- 
fy  be  discovered,  aa  in  the  wings  of  birds,  wbich  are  thus  mode  lo 
)T6  with  ejttaordinary  velocity,  that  they  may  be  ennblsd  to  act  on 
1^ medium  having  so  inconsiderable  a  degree  of  density  ns  the  air. 

Any  number  of  levers  may  be  connected  together,  so  as  tc 
t-composilion  or  system  of  fevers,  Ihe  power  acting  on  the 
Xt  lever  raising  tbe  end  of  tbe  second,  and  that  depressing  the  end 

le  third,  so  as  to  raise  a  weight  at  the  opposite  extremity ;  or  the  ~ 

Junsie  action  may  be  continued  tbrougb  a  great  number  oE  \«l^bt&, 


tbe 

de^_ 

1 


to  Bugmeal  TBSllj  tlie  mDmentain  of  tlie  power, 
lamo  proportion  the  Telocilj-  of  t!ie  *reiglit,  oi 
paCH  tlirougb  which  that  rusUtance  would  be 
moved  would  in  general  rood  become  very  insiEDificaot.  Tbe  effect  of 
Huch  Bsyatemof  levers  must  be  eatimutedaccotding  10  the  relstire  do- 
tHncea  of  the  power  and  tJie  weight  respectiTely  fmin  the  fulcnuD. 
whether  Ibe  levers  were  all  of  oae  kind,  or  some  of  one  kind  and  aome 

Among  the  Tariooe  applications  of  the  IcTor,  one  of  the  most  uieM 
and  important  is  in  the  construction  of  the  CDRunDnbi(limce,fitvled,fioA 
its  edrentitiDua  eppendageSj  n  pair  of  scales.  The  beam,  wbioh  ia  ibe 
essentiul  pert  of  the  machine,  is  nothing  more  than  a  lever  of  the  Brat 
order,  Iiaving  equal  arms,  and  turning  fieelj  on  its  fulcrum,  or  cenbe 
of  action,  It  is  hardly  necessary  to  add  tliat  ita  use  is  to  ascettaia  iha 
weight  of  bodies  by  equipoising  them  with  en  Butlioriied  standard  ;  and 
the  principle  on  which  this  is  effected  has  been  already  amply  illus- 
Irated.  I'bere  are,  howoTer,  soane  circumBtances  TMjuisite  to  enaura 
tbe  accuracy  of  a  balance,  which  deaerve  to  be  noticed.  The  beam 
■  of  llie  belaoce  sbould  be  bo  formed  that  iw  centre  of  gravity  may  be 
I  placed  juat  below  tbe  axis  or  centre  of  motion  ;  for  if  the  centre  of 
gravity  and  centre  of  motion  coincided,  it  must  be  obvious  that  the 
beam  would  leat  in  any  posilioD  instead  of  aasuming  tbe  horiionta) 
direction  necessary  to  indicate  the  equality  of  weights  on  each  aide, 
However,  when  n  very  delioBte  bntonce  ia  required,  iu  beam  muat  b« 
BO  conatructed  that  tlie  centre  of  motion  mny  be  aa  near  as  possible  la 
the  EODlre  of  gravity,  but  Bomewhat  Bbove  it.  The  ealremidcsof  0» 
Bma  of  a  balance  are  named  tbe  paints  of  suspenaioD,  to  which  aie 
fixed  tlie  scales  ;  and  those  points  should  be  so  situated  (hat  a  atniiglit 
line  extending  ^om  one  to  the  other  would  touch  the  point  on  which 
tbe  beam  tunia.  The  feasibility  of  tbe  balance  is  likewise  influenced 
by  the  form  of  the  fiilorom  ;  and  in  the  most  accurate  balances  the 
beam  rests  on  a  knife-edge  moving  on  Bgate,  polished  steel,  of  some 
very  dense  nnd  smooth  surface.  Equal  nicety  is  required  in  the  aa»> 
pension  of  the  aoalea,  which  should  hang  from  thin  edges. 

Having  thus  slated  (be  method  of  rendering  a  balance  as  exact  as 
possible,  it  msy  be  proper  to  notice  some  of  the  imperfections  of  com- 
mon balBnces.  caused  as  they  are  tuo  freqaently  by  design,  Ibr  the 
[lurpose  of  fraudulent  deception.    If  the  two  arms  be  not  preciaetj 


ne  length,  ihajoale  appended  lo  the  loogrer  ormwiU  tDrnnith 
ight  than  that  hnn^ng  from  the  shorter  arm,  and  the  purchuer 
tnsy  thnsbe  chested  :  aOBlaoif  oneBnn  of  the  lerer  he  henvier 
other,  the  scale  on  that  aide  mast  prBpooderale.  But  deoep- 
thia  kind  may  be  diacoTarad  hy  changing  the  places  of  tba 
nd  the  article  to  be  weighed ;  for  the  lightest  scale  would  no 
lep  etjuipoiaed.  And  ;et  frith  such  a  pair  of  scales  the  true 
C  n  substance  might  be  ascertained  ;  since  hy  weighing  it  first 
ileaud  then  in  the  other.and  deducting  from  the  greatest  weigbt 
lifierence  of  the  weights  indicated,  the  real  weight  would  be 

eeljnrd  is  another  well-koown  kind  of  balance,  more  directly 
;  the  principle  of  the  Wet  in  its  Donstraction  than  tint  commua 
In  eonsista  of  a  lerer  with  unequs!  anna,  tnraing  on  its 
and  having  on  tie  longer  arm  a  moreable  weight,  so  that  the 
oae  weight  is  required,  being  suspended  from  tliu  shorter  arm, 
ibrium  is  attained  by  shifting  the  ireight  to  the  necessary  dia- 
m  the  fulcrum,  and  the  longer  arm  b«ng  graduated  and  nom- 
is  weight  Rpjiears  trom  inspection.  This  is  sometimes  colled 
m  balance,  as  alleged  &om  its  resemblance  to  the  Kuman  staters ; 
.haa  been  stated  that  the  original  term  woa  Rammaa,  and  that 
}  called  in  the  East,  from  the  shape  of  the  weight,  resembling 
rsoalB.t  Such  a  balance  as  the  steelyard,  hut  of  small  dimen- 
d  made  of  ivory  or  wood,  is  used  by  the  Cfainoae,  fat  weighing 
rcciouB  stones,  and  other  small  objects. 

Bntsh  balance  ia  a  straight  bar  or  lever,  having  a  heavy  weight 
ine  end,  and  a  hook  or  acale  at  the  ntber,  with  a  moveable  ful- 
B  situation  of  wliich  indicates  the  weight  of  nny  substance 
ly  be  tried  by  it.  The  bar  of  oourae  ia  graduateii,  and  thus 
■■- ""e  delenninfld,  but  the  divisions  becoming  smaller 


.B  the< 


light  ii 


he  eiact  amount  of  the  weight  of  very  heavy  bodies 
eighing-macliiue  used  at  toll-gates  on  tumpikE 
weight  of  loaded  carriages,  conaiala  of  asyate: 


r 
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porting  H  quBdrangnlHr  floor.  Four  LeTerB  Cummg  cm  their  tiiJcruma 
eilemi  from  tbe  Baf-lea  of  a  Ijoi  beneath  the  floor  towards  ila  centre 
where  Ihey  bhj  coiioeolad  logether,  uiid  also  with  anothar  leter  eitend- 
iug  across  the  miildle  of  the  box,  and  pnaaing  beyond  its  limits ;  ibis 
last  lever  acta  on  a  third  which  preeaes  on  a  spring  or  ia  coimecied  widi 
the  arm  of  B  balsQce,  bj'tneana  of  which  the  amount  of  presaure  on  rfie 
wlwie  syatem  may  be  ascerlained. 

ne  Whtil  and  Aite. 
Tbouifh  tbe  lever  maybe  conaidererl  as  the  moat  generally  nppli  cable, 
and  consequently  the  most  useful  of  all  simple  machiues,  yet  from  tba 
limited  efiect  and  intennittuig  action  of  power  employed  to  overcome 
losistBDce  by  meanii  of  the  lever,  its  grand  utility  must  ever  be  con- 
fined to  citses  in  which  a  tuomentary  effort  is  required  to  chaufre  the 
place  or  position  of  a  body  of  a  great  weight,  by  tbe  application  of  com- 

Saratirely  amall  power.  Thus,  if  it  be  neoeBSary  to  remove  ik  beavy 
lock  of  marble  or  granita  from  one  place  to  another,  and  a  lever  can 
be  applied  in  aiicb  a  manner  10  one  side  of  its  base  as  to  ehift  theposi- 
tioD  of  ilB  centre  of  gravity  aufficieotly  )o  make  tbe  block  turn  over,  it 
may  (hue  be  rolled  to  any  givea  distance  ;  but  sappoajng  tha  utmost 
eSeCl  of  tbe  lever  be  to  raise  tbe  mass  but  one  incli,  or  any  spaoe 
throDgh  which  it  would  fall  back  to  its  first  position,  the  lever  alone 
would  manifestly  be  quite  useless.  Hence  difierent  methods  have  been 
contrived  for  rendering  th<«  lever  more  eSective,  as  by  employing  a 
German  machine,  called  a  llebstock,  by  which  the  weight  is  propped 
or  supported  during  the  inteTvals  between  the  auccesBive  operation* 
of  the  lever;  by  tbe  French  mncbiae,  termed  Houe  de  In  Garosse,  from 
the  name  of  Iha  inventor,  and  by  means  of  which  a  lever  is  kept  in  a 
raised  position  by  a  ratchet  wheel ;  or  by  using  the  Universal  Lever, 
which  alao  acts  by  meaos  ofa  ratchet  wheel.' 

But  Iheae  modea  of  operation  must  be  nearly  naeleas  where  it  ia  rs- 

JuuiLte  to  raise  a  body  to  a  great  height,  or  move  it  through  a  conai- 
arable  space,  and  for  such  purpoMS  may  be  advantageously  employed 
the  wheal  and  aile,  soinetimes  called  Axis  in  I'eritrochio,t  which  ha* 

f  e  terwards  or  in  one  illrecBon,  taeioi  pre. 
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kenenJiy  been  ranged  nnaDg  the  simple  macbines,  or  mecbsnic 
nMrngli  it  is  in  lact  ontj  a  more  complicated  iona  of  the  leve 
night  with  propriety  bo  styled  n  perjietuul  lerpr. 

-I  ...  |,^g  ^Bt  oylindor,  with  a  amnller  oyliiulfr 
,  aa  an  ailoi  Id  which  it  may  be  fixed  ao  u 
iQgether  about  the  anme  centre,  or  the  wheal  may 
.   n  which  case  the  effect  will  be  diSerent  from  that 
where  the  parls  of  the  miichine  are  connected. 

In  investi^tia^  the  operation  of  the 
wheel  and  axle,  both  parta  muse  be  con- 
Let  the  aanesed  Bgore  represent  an  hori- 
zoQtal  s<ile,  resting  at  its  extremities  on 
pivots,  or  stipporled  by  gudgeons,  bd  that 
it  may  rerolre  freely,  carrying  roond  with 
it  the  attached  wheel.  On  the  axis  ia 
coiled  a  rope  which  sustains  the  weight ; 
and  round  the  periphery  of  the  wheel  is 
ontrary  direction,  lo  winch  is  suspended 
power.  Then  BUiiposing  the  machine  to  be  put  in  motion,  the 
!tecity  of  tliB  power  will  be  to  that  of  the  weight,  as  the  eiroum- 
rence  of  the  wheal  lo  that  of  the  axle;  for  it  will  be  perceived  thai  the 
mtist  ainli  through  a  apace  equal  to  the  circumference  of  the 
Bel.  inorder  to  raise  the  weight  through  aspace  equal  to  the  circum. 
BDce  of  Iheaile.  And  as  the  momentum  of  any  body  mar  be  found 
multiplying  together  its  weight  and  its  velocity,  it  follows  that  if 
Dmnber  of  the  iDchea  in  the  circuit  of  the  wheel  multiplied  by  the 
of  pmmdsiii  the  power,  produce  a  sum  equai  to  the  product  of 
W  meseure  of  the  axle  multiplied  by  the  number  of  pounds  in  the 
'eight, then  the  power  and  weight  will  remain  in  equiUhriutn.  Also  as 
before  staled  (see  p.  66),  the  momen- 
tum of  bodiei  moving  in  circles  will  be 
as  the  productaof  their  weights  and  the 
radii  of  thOGirelos  they  respectively  de- 
scribe,  therefore  when  the  power  bears 
V  y  thessmeproportion  (otheweighlaatbe 
^-"^  radius  C  D  or  the  diameler  F  O  of  the 
axle  does  to  the  rndtua  h.  Ti  ot  iIvb 
tliammr  E  B,  of  the  wteel.&e  iii.M.\».Be 
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ifill  preierve  ibe  eqnilibriam :  ko  that  (be  effect  of  ibis  macliiae  tril) 
depend  on  tlie  BUpeciority  of  the  rsdiuB,  or  diBmelei  of  the  wheel  U 
thslofibeaile. 

Ilia  wbeel  msy  ba  moved  hy  n  weight  octiag  on  its  peripbery,  as 
dreidy  deBCribed  ;  by  proJMting  pins,  or  by  a  hent  bandia,  BOi^h  as  is 
Dsed  for  the  commoa  dnw-well^  but  whether  the  power  be  ipplied 
directly  to  the  aircumferenco  of  the  wheel,  to  the  eitiemitieB  of  the 
projecting  pins,  or  to  the  bundle,  its  effect  must  bo  estimnteil  by  the 
"    '"  w  oirola  describpd. 

That  the  wheel  and  axle  differs  not  ia  piiaeiple 

©from  the  leiermaybedemoastiated  fromcoasi- 
deriog  the  efiect  of  a  aiogle  wheel  used,  not  for 
the  purpoas  of  increasiog  power,  but  merely  in 
order  th»t  a  power  may  be  enabled  to  act  in  loine 
required  direction.   For  let  C  be  any  weight,  si 
ten  pounds,  auBpended  orer  a  wbeel  by  ■  line 
held  at  D,  it  will  be  obTious  tbac  setting  asjda 
the  etTectof  friction,  n  power  equal  to  ten  pounds 
.  be  applied  to  keep  tlie  weight  equipoiiad. 
the  pivot  on  which  the  wheel  turns  will 
_  J,  ffiv  manifestly  be  the  centre  of  motion  or  fulcrum, 

y-jf  supporting  llie  joint  aetionof  the  power  nod  the 
weight ;  and  the  lines  A  E  and  B  E  will  reprO' 
sent  tbeequalamiaoraieierbeld  in  equilibrium,  like  a  bslance  loaded 
with  equal  wei^htd-  A  suu'blind  is  usually  suspended  in  this  ibnnner, 
by  an  endless  line  passing  round  two  wheels  ;  and  while  both  aides  of 
the  line  are  equally  stretched,  the  blind  wilt  remain  at  any  height,  but 
destroying  the  equilibrium,  by  pulling  the  line  on  one  side  or  the  other, 
will  raise  or  lower  (lie  blind  at  pleasure.  In  the  wheel  and  axle  Ihe 
radius  of  the  wheel  represents  the  longer  arm  of  a  lever,  and  the  nidiut 
of  the  aile  the  shorter  arm  ;  and  hence  the  advantage  this  maobina 
a^bnta.  And  as  its  action  mar  be  dontinned  indefinitely,  each  revolu- 
tion producing  an  uninterrupted  effect,  ilie  power  may  be  regularly  ap- 
plied till  the  object  in  Tiew  be  attained. 


11 


a  uud  u 


Persi 


more  hoTseamny  be  made  to  nnrk  n  mill,  b;  bnrneaaingtliMa 

Temily  of  shafts  or  long  levers  fixed  to  an  axis,  'wbicb  thajn 

d  by  walking  in  a  circlo ;  as  in  a  machinB  for  tritniating  claj' 

ik-nialaDf .  and  in  aome  mail-mills. 

le  axle  of  a  wheel  aomecim^a  had  a  corneal  or  Capered  abape,  whiol^ 

la  HQ  advanta^  when  a  varying  force  is  (o  be  overcome.     The 

"     wHtcb,  ibe  power  of  whicL  ia  employed  to  uncoil  a 

ID  an  nxia,  called  the  fusee,  on  cbe  surface  of  which  n 

K  spiral  groove  to  receive  the  cbain ;  aod  when  the  watch  is  newly 

"d  up,  flie  apriog  acts  with  its  greatest  intensity  to  turn  the  fi 

-I .  .■._-_  _   _  I       J  .1 .  — tjj^  ^\^  ijij. 


I 


la  the  cbain  paaaing  round  that  pan  where  the  diameter  i 


■  but  >  amall  lei 


■erage 


of  [be 


ig  diameter  of  the  fiuKe  as  the  ehaiaii  ut 


and  BB  the  elaaCic  fore 
'X  obtains  j 


iprlDg 


JiSlCB. 


m  thai  by  tliit  means  an  equsbilitj  of  action 
whicli  the  watch  wonld  be  uaelesg.  A  ainiilar 
fo  equaliietbe  effect  of  powi 


laintaiDsd,  wJlbouI 
brirsnce  is  adopled 
^m  a  deep  mine  j 
rnpe,  wben  at  its  greatest  length  (and  canaequmtly  when  the 
ice  of  the  weight  is  greatest),  ia  coiled  about  tlie  nanow  end  of 
e,  and  the  Buccesaive  coila  advance  towaida  the  wider  eitremitT, 
esJBlance  diminiahas  by  the  Bhorlnesa  of  the  rope. 

As  the  efficienc]'  of  tlie  wheel  and  Bile, 
whatever  may  be  its  peculiar  construction, 
is  to  be  eatimated  bj  the  ratio  of  tbe  dia. 
meter  of  the  wheel  lo  (hat  of  the  lu^e,  -il 
Jbllowa  that  inEreaaiikg  the  former  or  dimi- 
nishing the  latter  will  augment  the  effect. 
Either  method  may  be  adopted  toncertain 
extent;  but  if  the  wheel  be  extremely 
large  it  may  be  incnnTeniBnt  and  nnms- 
nageable ;  and  on  the  oUier  liand,  i  f  the  tule 
be  TOTj  Blender,  it  will  be  weal  and  inae- 
cure.  Doth  theae  evils  are  BToidedin  the 
coQatmction  of  the  double  capstan,  an  in-> 
genioua  contrivance,  said  to  have  beenin- 
trodacad  into  this  country  from  ChioB.  It  consista  of  two  cylindora 
differing  >□  diameter,  connected,  as  in  the  marg^niil  (iguTe,  tunitng 
about  the  same  aiia,  while  the  weight  ia  anapended  by  tlie  loop  of  a  long 
cord,  one  end  of  which  nncoils  progressively  from  the  aninUor  cylinder, 
as  the  other  laps  round  the  larger :  thus  the  weight  is  elevated  at  each 
revolution  through  a  space  equal  to  half  the  diffarei"  '  ■ 
cumferences  of  the  two  cylinders. 
hilB  pulley,  will  1 


io  that  the  mechanical  advantsge 
of  the  machine, 
lBt^:er  cylinder 

therefore  the  equilibrium  will  be  preseri 
pnirer  multiplied  by  the  former  is  equal  tc 
plied  by  the  latter. 

The  efficiency  of  wheel -work  mny  also  be  indefinilelv  augmented  by 
0  system  or  compoaition  of  wheels  and  ai]e«,  as  id  thecaseof  thelevwt 


B  that  of  the  anialter  one ;  and 

le  product  of  the 

0  that  of  the  weight  mulu- 


iTbns  the  effect  of  the  I 


e  cnuiamitted  to  the  ci 


It  the  circiimferfnce  of  the  fi) 
iumfereuce  of  its  axle,  t 
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and  wbeel  being  conaected  nuy  ool  tbrocgh  its  axle  on  a  third 
vlwel,  and  BO  on  to  aay  giren  eiuat.  Uae  icbeel  may  be  made  to  turn 
merelf  by  the  tiictioa  of  their  surbceB,  wLen  but  little  force 
it  required  ;  but  the  most  direct  and  accurate  method  of  connecting 
(ruoB  of  wheel-work  is  by  teeUi  or  coifa  on  the  periphurivs  of  Ibe 
'  libeelB ;  and  on  this  principle  a  gruat  variety  of  eumplex  mucbiaes  aie 
lonslmcted.  Different  wbeeU  (Day  also  be  connected  byaBtraporbond, 
ia  U  the  cose  nith  apinning-wboclB  anil  Ilia  wheels  of  luruiDg-lalbea, 


Die  Morfiiiw  «f  ObUiiue  Acl!«. 


jr  MiiUiplitd  Cord. 


To  chit  kind  of  mecbanio  power  may  be  referred  all  tboae  caaes  in 
Vihich  force  is  transmitted  by  meana  of  flexible  cords  or  chaina,  frum 
ne  poiat  to  another.  Il  has  also  been  styled  the  funicular  ayatem,  but 
IB  includingaTariety  of  modes  in  which  powarcan  be  applied  by  means 
of  itiflenble  rods  or  bars,  as  well  as  by  fleiilile  lines,  to  prodnce  an 
eqtulibrium  du|ieading  on  the  compoaition  of  forces,  it  might  be,  per- 
fgtpa  moat  properly,  designated  Ibe  machine  of  oblii|ao  action.  From 
Ae  Ibeory  of  the  composition  of  forces,  which  has  been  elsenhcre 
liUaBtrated,  it  may  be  aasiuned  that  a  force  applied  in  the  proper 
direetioa  will  balance  any  (wo  Ibrcea }  but  if  one  of  these  be  sustained 
ty  wiina  fixed  point,  the  first  force  may  be  considered  as  acting  only 
'  waioat  the  other  ;  and  power  may  thus  he  indefinitely  eugnwnled. 

g  Suppose  B  N,  N  C,  C  0,  and  O  B, 

to  be  four  bars  connected  by  joints  or 
liia^ea  atB,  N.aod  0,and  by  a  apirsl 
Bpnng  passing  from  the  joint  B,  so  OS  to 
nnite  it  witb  the  ends  of  [lie  bars  N  C 
ondOCatC.  Pressure  appliedin  the 
direction  O  N  would  elongate  the 
spring  with  an  effect  which  would  in- 
in  proportion  to  the  decreaaa  of  the  angle  N  C  U,  so  that  at  the 
le  of  Ibe  bars  B  O  and  C  0  into  a  rectilmear  position,  the  effect 


t  by  preasure.  u  by  a 


4 


fines  «t  C,  vbea  tlie  bars  are  brougtit  neuly  into  a 
straigbt  liDB  may  be  equal  to  tlie  nei^ht  or  iiiBnj 
tons.  Ou  Ibis  principle  th>t  part  of  IheBnasel  printing- 
press  is  conliived  1^  means  of  wbich  the  paper  is  ap- 
plied to  tlie  tjpes  lo  take  off  iropresaioDs ;  instead  of 
using  a  screw  mrned  by  a  lerer,  sa  in  the  common 
ptintiDg-press.  The  same  Iiind  of  mecbanie  poweTis 
employed  for  eitracting  tbe  ateel  core  from  the  hollow 
.,  brass  cylinder   used  aa   a  roller  in  tbe  printing   of 

gjig  cottons;  and  vaiions  modifications  of  it  have  oeeu 

n  adopted,  witb  great  advantaga  in  sereral  operaliona  of 

b|bi  art,  wLere  a  vost  momentary  efibrtia  requisite  to  pro- 

'^  duCB  a  gi.en  effect. 

Tbe  theory  of  the  machine  of  oblique  action,  aa  it  applies  tofleiible 
cords,  has  been  aufficiently  explained  in  treating  of  the  composilioD  of 
forces.  (See  p.  15, 16.)  ltniBy,hon'e<er,  bebereateted,ilia(  if  a  cord  be 
acted  on  by  equal  forces  io  opjiosile  directiona,  ita  tension  will  l>a 
measured  bvoneoftboaa  forcaa  or  wei^ta,  and  mtiatof  couraebe  oni- 
form  throngliout ;  iind  whatever  flf  lurea  the  card  may  undergo,  and 
howeier  aumen-VB  be  the  died  points  il  passes  orer,  provided  its 
motion  be  unimpeded,  the  weights  required  to  keep  it  id  equilibrium 
must  be  eqnal.  But  if  a  tord  be  lH«l«ned  «t  one  cxtremily  and 
variously  deflected,  Ihe  effect  of  ireights  suspended  at  different  parts 
of  it  trill  be  modiRed  according  to  their  situation;  so  that  a  great 
weight  acting  near  the  point  of  suapensioa  may  be  counterbelsncM  by 
a  comparatively  small  lorce  at  the  opposite  eitiemity  of  the  ct   -'  ' 


The  PiiUcs. 


Tliis  is  rsther  a  compound  than  a  simple  machine  \  for  from 
vestigation  of  its  nature  and  propeniea  it  will  be  evident  that  ft 
merely  a  combination  of  the  wheal  and  axle  with  the  multiplied  cord 
and  as  the  wheel,  though  a  very  useful,  is  not  an  essentia!  part  of  Ihe 
pulley,  this  machine  may  be  regarded  aa  a  variety  of  the  fbnicolsi 
system,  or  multiplied  cord. 


i 


Thi 


le  effect  of  B  siiiEle  pulley,  or  moresble  wlieel 
ended  by  s  cotd  from  a  buolr  ai  a  Gied  point,  sa 


point,  SI 
d  fig:ure,  wili  bu  to  diminish  tbo  re- 
ue-half,  so  that  b  pow«r  equal  to  oqb 
pound  will  suppoit  a  weight  of  two  pounds.  This 
must  be  manifest  from  conaidarinf  thnt  half  the 
weight  is  supported  by  the  hooli,  cooaequentlv  the 
otlier  hdfanly  is  opposed  to  the  power.  Thesume 
coucla»an  will  be  dBrived  from  attending  to  the 
resnlt  af  the  action  oF  the  power  in  niaing  the 
weight;  far  double  the  length  of  rope  mubt  paaa 
over  the  fixed  pulley  on  tbe  side  oi'tbe  power  com- 
pared witb  tJiat  whieb  puaaes  over  it  from  the  weight;  bo  that  the 
'^ower  must  descend  two  inshes  in  order  to  raiae  the  weight  one  inch. 
'bus  tlia  power  will  move  aa  fast  again  as  the  weight,  therefcae  iu 
toIiKUtj  muBt  be  double  that  of  the  weight,  and  its  efibct  must  be  in- 
Bucb  a  pulley  io  the  same  ratio.  The  fixed  wheel  or  pulley 
o  other  effect  than  ihatof  altering  tha  direction  of  the  power. 
(See  p.  76.)  Though  a  pulley  might  ahviously  he  made  to  act  without 
•rheela,  and  the  oord  might  he  deflected  by  parsing  through  rings  or  by 
-ediermesos,  so  tliut  the  wheel  must  be  cotuidered  as  a  sort  of  adren- 
^litiliiia  appendage  to  the  pulley,  yet,  as  already  observed,  it  is  an  ei- 
-beoiely  useful  one.  For  (he  wheel  eoableB  the  cord  to  move  freely,  by 
'fotroringiD  a  great  meaaure  the  friction  which  would  othiv wise  take 
flaoe  between  the  oord  and  the  surface  over  whicb  it  passes,  and  wMoh 
would  weaken,  and  in  some  cases  interrupt,  the  action  of  the  pulley.- 
importaat  purpose  of  keeping  the  deflected. 


The  wlieela  also  b< 


iraUel  lin. 


;  for  the  eSectofthe  powei^H 


<ww,^_ 

the  deflections  of  the  cord  form  an  angle.  wH^H 
represented  in  tlie  margin,  the  power  uuut  M 
he  equal  to  more  than  half  tlie  weight,  in 
order  to  keep  ttie  latter  suspended-,  the 
maohine  will  become  lees  and  less  efficacious 
as  (he  angle  formed  by  the  aides  of  the  «oid 
increases  ;  and  lliere  are  certain  degrees  of 
obliquity,  at  which  the  power  must'"' 
greater  tlmn  tlie  weight  to  enable  it  to  preaerre  the  ei\uJV%n.<j,m^ 
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In  the  pulleys  just  described,  is  eihihiled  tl>e 
efiact  of  the  power  when  the  weight  U  partly 
supported  fraia  one  fiied  paiot ;  but  that  effect 
may  be  vastly  augmented  by  aach  a  systeM  of 
puUeja  as  that  in  the  atiaeied  figure,  id  nhiob 
the  weight  is  suspended  from  the  lowest  of  a 
series  uf  wheels,  pach  hnviag  its  own  cord  at- 
tBEhed  to  a  fixed  point.  Here  the  resistance  is 
diminished  by  tbo  dtEtribution  of  the  weight 
orer  lire  fixed  points;  so  that  suppoain^t  the 
weight  to  be  thirty- two  pounds,  the  wheel  A, 
with  ita  cord  wilf  support  the  whole  of  that 
weight ;  Oia  wheel  B,  with  its  cord,  half  the 
weight  or  aiiteen  ponnda  i  C ,  one-foiith  of  the 
weight  or  eight  pounds;  D.one-eightb,  or  four 
poDudsj  K,  one-sixteenlbiortwopauitds, which 
being  divided  by  the  two  sides  of  its  cord,  leevei 
but  one  pound  to  be  supported  by  that  side 
which  ia  extended  over  the 
fixed  pulley  F  :  and  (hna  a 
power  equal  to  one  pound 

will  counteibnlanoes  weight  of  thirty-tv 

When  one  cord  only  ia  used,  which  pasaea  over 

fwo  or  more  fixed  and  moveable  polleya,  the  power 

will  be  to  the  weight  as  unity,  or  ibe  siugle  deUected 

part  of  the  cord  snpportingtbe  power,  to  the  number 

of  llie  deflections  msde  by  the  cord  in  passing  over 

all  Che  fixed  and  moTeabfe  pulleys.     Hence  if  the 

power  be  augmented,  so  as  lo  raise  the  weight, 

the  former  must  descend  through  as  many  inches 

more  than  the  latter  aacenda,    as  the    number  of 

bends  in  the  cord  supporting  the  lower  block  ex- 
ceeds unity  ;    that  is,  th^  power  muJ^t  sink  four 

inches  or  feet  to  elevate  the  weight  one  inch  or 

foot;  and  such  will  be  the  ratio  of  ita  efficiency  with 
h  pulleys  as  that  shown  in  the  marginol  figure, 


aFord  may  Blwiiyi 
Che  gpaaea   relatively 
and  the  ireight  or  resi 


A  grant  variety  of  aysterTi9>  Or»  oa  thoy  arc 
mly  ttrmed  lactilee  of  pulleys,  have  been 
contrirodi  but  the  advantsges  ihsy  respectively 


by  reference 

l>ed   by  the  power 

The  greatest  in- 

□ccamng    u    the    practical    ap> 

the  pulley,  is    owing   to  friction, 

ut  iira^srity  of  nction.     Variouii 

been  adopted  to  remedy  thia  defect ; 

of  the  moat  ingenioas  of  whicb  cotiaiata  ijt 

proper  number  of  EoncBQtric  groorBB  on 

the  fuce  of  a  solid  wheel,  with  diameters,  aa  the 

.  3,  5,  &c.,  for  [he  lower  block, 

\g  i;rooireso»auodierauahwhed, 

tvith  diameters,  ea  the  eveu  numbers,  S,i,' 

for  the  opper  black.   Then  tlie  cord  being  _ 

■- ■--  over  the  groovea,  as  reprBsented  in 

wUl  be  thrown  off  by  the  action  of 

the  power,  in  the  same  manner  as  if  every  grooTS 

formed  a  separate  and  independently  revolving 

itniction  ia  called  White's  pulley,  from 

',  Mr.  Jwnea  White,  who  obtained  a  palent' 

'acUesof  pulleva  are  used  on  boerd  ships,  where  the  v 

'  ska,  by  means  of  which  the  sailors  can  raise  the  m        . 

tnd  couveoiently  perform  other  necessary  operations.     Various 
tioDS  of  pullayB  are  liltewiae  used  on  land,  as  by  builders,  in 
ir  lowering  great  weights  ;  and  in  removing  from  one  lefej  to  • 
ir  heaTj  bales  of  goods,  or  other  merehandiae. 
7^1!  IneliHSd  Plant. 

Thia  is  the  least  compli- 
cated of  all  the  simple  ma-' 
,  chines.  It  is,  as  the  nnme 
imphes,Bpinne9urfiioe,»up- 
posed  tohepHi:{ecA-5ams>^i!a.  J 
Bad  unyielding, ititVineAiJ] 


I 


liqueij  ta  an  bomoatsl  ptane  ;  and  its  eflect,  as  commoclj  used,  u  t» 
dintiniab  resiaUace,  and  tLius  ennble  a  modenile  poner  to  Buslain  or 
OTerbalaoce  a  grent  neiglit.  The  mode  of  HCtion  of  the  iaclined  plnne 
liiB  beea  already  fully  cipliiiQed  (see  p,  43),  and  the  method  of  estimol- 
ing  ilB  eflicienoy,  in  uny  given  oaae,  may  be  readily  comprehended  bj 
reference  to  the  relative  velocitiea  of  two  bodies,  one  falling  ihroiigli  a 
space  equal  to  tbe  rertical  height  of  the  inclined  plane,  and  the  other 
passing  doKn  its  decliHty.  Suppose  the  height  A  B  to  be  one  foot  and 
the  inclined  surface  A  C  to  be  four  feet,  then  a  n-eight  of  four  pounds, 
W,  resting  on  the  plane  will  be  equipoised  by  a  weight  of  one  pound, 
P,  haogiDg  freely  orer  i  pulley.  And  as  the  iiiolined  plaue  it  com- 
inonly  emplojed  to  facilitate  the  colling  or  shiHiDg  of  ponderous  bodies 
from  a  lovrer  tn  a  higher  level  through  n  moderate  space,  its  efficiency 
will  he  in  the  ratio  of  the  length  of  the  inclined  plane  to  its  vertictl 
beight;  thua  with  the  machine  jiiat  described,  one-fonrth  of  the  foroe 
necessary  to  lift  a  great  weight  through  the  space  A  B,  or  the  verlioil 
beigbl,  would  be  snfllcient  to  impel  it  up  the  declivity,  from  C  toA. 

In  this  more  than  in  most  other  machines  great  allowance  must  be 
mode  for  tha  eflect  of  friction,  which  must  materially  modify  any  calcn- 
lation  us  to  tbe  advantage  it  affords.  Instances  of  the  application  of  die 
iaclined  plane  to  practical  purposes  so  frer^ueatly  occur,  that  it  can 
soareelv  be  necessary  to  advert  to  them.  Roads  formed  on  declivitiet 
are  a  icind  of  inclined  planes ;  nnd  railways  are  sometimes  thas  cwi- 
Htmcted,  in  such  «  manner  that  any  weight,  as  a  loaded  sledge,  maybe 
made  to  ascend  one  plane  or  inclined  railroad  by  the  impulse  of  an- 
other carriage  with  which  it  is  connected,  and  which  passes  simnl- 
(aneonsly  down  an  adjoining  railroad.  The  very  simple  nature  of  the 
inclined  plane  renders  it  probabte  that  it  was  the  earliest  of  the  me- 
chanic powers  known  and  brought  into  nse.  It  has  been  cOBJeeturod 
that  it  was  employed  by  the  Egyptians  in  rmsing  (be  immenaa  blocks 
of  stone  wbicb  form  the  pyramids,  and  ia  executing  other  giguntio 
norhs,  which  have  excited  the  astonishment  of  successive  ages.  Mr. 
^VaIItire,  a  gentleman  who  delivered  lectures  on  natural  philosophy,  in 
the  latter  part  of  the  last  century,  endeavoured  to  prove  tbnt  the  an- 
cianl  British  Droids  were  the  founders  of  Stonehenge,  on  Sfllisbnry 
Plain  ;  and  that  they  erMled  the  raaasive  trililhons,  which  partly 
k  compose  tbnt  curious  structure,  by  rolling  or  rather  by  shifiinf;  the 
a  blocks  into  their  places  by  means  of  temporary  iaclined 


will  afford  a  BufficientlT  accuratE  ides  of 
one  of  (he  (rilithona  Qf  Ston(ih<nigi>,  nnd 
vrbea  the  strUDture  was  perfect,  several 
of  iheaa  wore  Brrangpil  in  a  circular 
Kgure.     It  will  Dot  be  difficult  t< 


e  Itat 


)r  declivi 


hnving  but  a  small  degree  of  incliiiB- 
tion,  migbt  bs  tbnned,  ap  nbich  any  inau  might  be  impelled  or 
dragg:ed,  wiEb  a  faiuenol  much  greater  than  would  be  reijutredta  dmvr 
or  push  it  forward  on  lerel  groimd. 


The  B'«/ge. 


ns  a   tiiungn- 
angles,  and  ou 


lar  priam,  bounded  01 

the  other  three  aides  by  reclangulaT  parallelograms. 
of  two  inclined  planes  united  at  their  bases ;  as  will  appear  from  the 
annexed  representation.  Its  use  is  to  divide  aoli4 
bodiei,  the  edge  E  F  being  impeUed  against  them 
resaure  or  some  other  force  applied  at  Ibe  aur- 
A  8  C  D  ;  and  if  the  force  ba  astimated  b^ 
eight,  its  effect  will  he  in  the  ratio  of  the  lioe 
'     -'      "   B  G  D,  that  is  as  the  sides  of  the 


from  using  thii 


breadtli.      So  tht 

am 
mallei,  the  eSe 


the  advB 


„e  IS  gen 
of  wood  OF  other  hard  sabstances,  nnd  the  force  applied  to  it  is  that  of 
MTGoaaiDii,  witli  a  Leavj  hammer  or  mallei,  the  eSecta  of  which  are  so 
oiffereDt  from  those  of  direct  presauie,  aud  are  so  much  modified  by 
circamstaDces,  as  to  render  anj  theoreticnl  calculation  utteclj  inai'tu- 
nce  und  useless.  It  appears  from  the  results  of  some  espertmeuls 
made  in  the  Uock'vard  at  Portsmouth,  on  the  comparative  efi^ct  of 
driving  and  pressing  in  large  iron  end  copper  bolts,  tlial  a  man  of  me- 
^um  screagtb.  stribiog  with  a  moll  weighing  eighteen  pounda,  end 
baviaff  a  haodle  fbrly-fonr  inches  in  length,  could  start  ordrive  a  bolt 
m  .1 —  — .eighth  of  an  inch  at  eacb  blow;  and  that  it  let^ium^  <Ciiq  ii.- 


rect  iiiBBrore  oi  107  tnns  to  press  tbe  same  bolt  through  that  space. 
but  it  was  found  that  a  Bmall  additional  weight  would  preu  the  boll 
completely  honia.*  But  numerous  and  Tuied  experiments  troald  be 
requiaile  to  obtaia  any  results  which  might  afford  data  for  computing 
the  effect  of  impact  or  percaaaion  on  wedge-shaped  bodisa  ;  and  if  that 
effect  flould  be  eiaolly  eatimated,  further  difficulties  would  arise  bom 
(onsidenng  the  very  beleiogeaeous  nature  of  the  resistance,  depend- 
ing on  the  relative  bardness,  tenacity,  tmd  other  properties  of  those 
substaaces  on  which  the  wedge  is  made  (o  act.  1'hia  instrument  must 
therefore  be  regarded  na  one  tlie  effect  of  which  can  aeldom  be  pre- 
ciaelv  delennined  ;  but  which  notwitbahHidiag  may  bo  often  yery  ad- 
vantngBOualy  employed  in  certain  circumatonoes. 

Among  tHe  less  irequent  modes  of  application  of  lite  wed(^  may  bi- 
Dientioned  its  having  been  U£ed  to  restore  to  the  perpendicular  poaitian 
a  building  which  declined  slightly  in  cuu sequence  of  aome  defect  in  the 
foundation.  The  Tousaoirs  of  anihea  are  ao  many  wedgea ;  and  piles  used 
for  the  tbtrndation  of  tha  piers  of  bridges  may  be  cousidered  as  wed^, 
dtiTen  into  the  bed  of  »  river  by  the  peruussive  force  of  a  power- 
ful meahine.  Sharp-edeed  and  pointed  instruments  in  general  act  as 
wedges ;  thus  chisels,  planea,  and  aiea  used  by  carpenters  manifestlT 
produce  the  effect  of  wedgea ;  and  knives,  razors,  awla.  pins,  and 
needles,  and  indeed  nil  cutting  and  piercing  iDstrumenta  display  in  ob- 
vious analogy  to  the  common  forma  of  thii  mechanic  power.         J^^H 

ni  Scrim.  ^H 

Tlie  screw,  though  commonly  reckoned  among  the  mechanic  pW^^| 
or  simple  macbiDes,  cannot  be  considered  aa  such  when  applied  to  •nj' 
practical  purpoae,  aa  it  would  bo  found  almost  wholly  ineffective  with- 
out the  essiatance  of  the  lever,  which  is  therefore  usually  combinad 
with  it,  and  thus  it  becomes  a  most  powerful  machine,  applicable  lo  ■ 
varieCv  of  important  purposes.  The  general  form  of  the  screw  must  be 
■o  well  known  to  require  description  ;  it  may  however  bo  stilted  thai 


la  of  two  parts,  namely  a  solid  cylinder. 


lalled  tl 
e  the  far- 
thread  of  the  screw,  deai 


juratoly"  repni- 
■n  tJie  bahcal 


'HE   SCREW. 

•iug  from  one  end  to  the  otliei  b  currs  sametimct 
Mated  Ba  ■  ipiiBl.  but  which  ie  reslly  a  helii,  p 
Mmman  corkHrew,  whiah,  id  fact  in  nothing  n 

of  the  screw  without  the  core.  I'be  hollow  aorew  has  a  umilar 
^lical  thread  wioiiini;  Kithin  it,  eiactlj  ulaptail  to  the  interval  be. 
)blreea  tiie  tnrDB  of  the  thread  of  the  solid  BCiew ;  and  thus  either  part 
tmag  made  lo  rerolre  while  the  utiier  is  kept  ttteady,  taotion  or  prea- 
"— ire  may  be  produced  to  any  eitent. 

In  order  to  obtain  n  correct  oatimate  of  the  mechonical  effect  of  the 
rew,  it  will  be  necesnuy  to  derelop  its  conatraatioD,  from  which  it 
111  appear  that  it  ii,  in  principle,  identiCBl  with  the  inclined  plnne  j 
id  it  might  bo  conceived  to  act  ns  a  ayslem  of  revolving  inclined 
anes.  This  will  appear  trom  reference  to  the  nnneied  figure.  Let 
A  B  C  D  lepreBent a  cylinder  divided  lon^tn- 

to  B  number  of  equal  parts,  B  a.  uii, 

let  linea  "  e,  bf,  6cc.,  be  drawn  per- 
"s  AB,eaobequallothB 


would  form  on  the  Burrace  of  tha  cjlinder  one  continued  helical  line, 
rBpreaBnlJiig  the  tliread  of  a  screvr.  Tbeae  trinnglea  might  be  con- 
■ideied  M  a  series  of  iDclined  planes  ;  end  theiefoie  if  sucb  a  screw 
weru  fitted  (o  a  hollow  or  female  screw,  fixed  so  thnc  the  fanner  might 
act  TBrtically,  it  will  be  obTioua  thnt  one  rBTolutioo  of  tha  malp  screw 
vronld  raise  or  depress  it  through  a  apace  equal  to  the  height  of  one  of 
the  inclined  planea,  and  the  effect  of  the  screw,  independent  of  friction, 
would  be  aa  the  length  of  the  plane  to  its  height,  or  ns  the  line  B  e  to 
B  a.  If  then  Bu  be  }  of  an  inub,  and  Be  l^in.  or  'f,  a  power  equal 
to  one  pound  acting  by  means  of  the  acrev  would  balance  a  resiBlsnoS 
equal  to  twelve  pounda.  But  the  resistanoe  arising  from  friction  bB- 
tveen  the  partn  of  tha  solid  and  the  hollow  screw  would  in  nioat  casec 
require  great  adtiitional  power  to  produce  an^  coDEiderahle  eSect.  This 
therefore  renders  the  application  of  a  lever  necessary  to  constitute  the 
screw  an  effective  machine.  The  lever  may  be  added  to  the  soUd 
screw,  10  turn  it  within  a  fixed  hollow  eerew  ;  or  to  the  hollow  screw, 
to  turn  it  round  the  solid  screw.  Tha  manner  in  which  the  lever  ii 
applied  in  cither  casi^  will  appear  from  the  following  figures;  the 


former  of  which  shows  bow  pressure  may  be  produced  by  a  solid  screw 
acting  within  a  hollow  screw  in  a  fixed  beam ;  and  the  latter  exhibits 
the  similar  effect  of  ahuUnw  screw  pierced  in  a  block  turning  bymeaiH 
of  a  lever  on  a  fixed  screw  ;  the  pierced  block  thus  adapted  to  a  aoUd 
screw  is  called  a  nut. 

As  the  effeot  of  the  screw  is  always  to  be  estimated  by  the  proportioB 
between  the  space  described  bj  the  power,  in  one  revolution  of  tbe  screw 


SCREl 


Ud  the  space  between  anytwaof  itBConti^ODsthrsndg.itmaitfDllDir 
tiiat  vfaen  the  power  is  applied  to  a  long  lever  isatead  of  being  made 
to  Bot  direttly  on  the  (■ircuni/erence  of  tbe  acraw,  llie  effePt  miiat  ba 
vraClj  BUgmenled.  Tbus  if  tbe  tbceads  of  a  screw  be  as  mocb  us  balf 
kn  incb  apart,  and  it  be  ttinied  by  means  of  a  lever  eitending  ikrev 
feet  from  tbe  centre  of  tbe  screw,  tlie  efiecl  or  advantage  of  sucb  a  ma- 
«biae  will  be  oa  tbe  nomber  of  half  inches  in  Ibe  space  described  by 
ttie  eilromity  of  the  laver  to  unity.  Now  reokoning  llie  circumferijnce 
of  a  circle  in  round  numbers  to  bs  three  timea  iia  diameter,  Ibe  circuin- 
fersDce  described  with  n  radiuaof  three  feet  will  he  :)6  X  S  ==  7^  X  3 
1=  S16  inches,  and  double  Ibat  number,' or  43!j  to  1  will  be  the  measure 
«f  the  adTSOtafte  afforded  by  the  machine. 

-  Hence  it  will  be  apparent  that  the  efficiency  of  the  screw  acted  on 
by  the  lever  mi^ht  bo  indefinitely  increased  by  extending  the  length 
Mthe  lever,  or  by  diminiahing  the  interval  between  the  tfaieads  of  the 
vcrew.  But  a  very  long  lever  would  be  awkward  end  incouveoient, 
•nd  eitremely  thin  threads  would  be  broten  by  the  pressure  when  any 
voDsiderable  force  was  applied  to  turn  the  screw  ;  so  that  either  nia- 
-tliad  of  improving  ila  action  could  be  practicnlly  serviceable  only  to  a 
limited  extent,  There  is,  however,  a  kind  of  doable  or  campound 
i»eraw,  invented  by  John  Hunter,  tbe  celebrated  aor^enn,  bearing  mucb 
•nalogyto  the  double  capstan  or  axle,  already  deacribed  (see  p.?8),  by 
means  of  nhich  the  mechanical  efficacy  of  the  machine  may  be  ang- 
Inenled  to  any  extent  without  at  all  diminishing  its  strength  or  com- 
pactaess. 

The  marginal  figure,  which  will  stow  how  tbis 
object  is  attained,  represents  a  larger  screw  (urn- 
ing  in  a  hollow  screw  or  nut  in  the  fixed  beam  and 
having  within  it  a  concave  screw  adapted  lo  the 
lower  or  smaller  screw,  and  so  arranged  thai  while 
the  larger  screw  passes  forward  the  smaller  one 
will  be  retracted,  hence  as  both  screws  must  re- 
volve Ugether,  in  each  revolution,  tbe  iiio<«- 
able  beam  will  be  pressed  downward  through  a 
apace  equal  to  the  difference  of  the  distances  be- 
tween the  threads  of  iha  larger  and  the  smaller 
screws.  Therefore  aach  a  raaoliiua,  iu  which  the 
Ihreods  of  tbe  upper  screw  were  ,'„  of  an  inch 
apart,  and  those  of  the  lonei  acn^  n*^  kd.Sxi!^ 


MECHANICS.  ^^" 

woDld  have  ilia  same  effect  ns  a  simple  screw,  tlie  Uireads  of  wbich 
were  only  ^„  of  an  inch  Hput ;  for^  X  ii  ^  ^J,,  Ihe  difference  betireeu 
the  distances  of  tbe  threads  of  tlie  double  Bcrew  just  described. 

A  solid  screw  reroWing  on  fixed  sies,  nail  baring  its  thread 
adaiited  to  teeth  on  tlie  periphery  of  a  wheel,  ia  oalled  an  endleos 
screw  ;  forming  a  part  of  n  compound  mntliine  of  oonsiderBble  power 
and  utility.  Fly-wheel9,  as  thnt  of  n  common  jack  for  roasting  meU, 
are  sometinieB  turned  by  the  action  of  i  loolhed  wheel  oa  an  endless 

Besides  its  uaual  application  to  the  purpose  of  producing  a  high 
decree  of  compresBioa.iu  in  thecider-nuU,  tbeconamonpnatiae-preM, 
and  a  Tariuty  of  aimilarly  acting  machineB.  the  screw  is  likewise  Bia> 
ployed  to  measure  extremely  minute  intervals  of  space.  The  mannei 
in  wbioh  this  object  is  attained  will  be  best  understood  by  reTerring  to 
the  theory  of  the  screw  (see  p.  89),  where  it  is  demonetFited  that  any 
circle  described  by  an  srm  or  index  revolving  parallel  to  the  oircnm- 
forence  of  the  screw  will  have  a  certain  relation  to  the  space  between 
any  two  contiguous  threads  ;  and  therefore  a  small  arc  of  such  a  oirols 
mav  he  conceived  to  measure  the  indefinitely  minute  space  thtou^ 
which  tbe  point  of  the  screw  would  advEmce  or  retreat  in  any  given 
portion  of  one  complete  revolution  of  the  screw.  Suppose  the  threada 
10  be  i  of  an  iorb  apart,  and  »  circle  fixed  to  tbe  bead  oi  tbe  sorew 
to  be  divided  on  its  border  into  100  equal  parts,  then  on  turning  the 
screw,  the  index  would  show  the  motion  of  the  point  of  Ilia  ecrew 
through  as  small  a  space  as  ,J,  part  ofon  inch.  Itie  interval  betwsan 
tbe  threads  of  a  gcrew  for  aacii  a  purpose  might  be  extremely  minute, 
or  Hunter's  screw  night  be  adopted  ;  uid  the  circle  of  equal  parts 
might  he  of  sufficient  eitent  to  be  divided  into  360  degrees,  or  any 
larger  number  of  parts ;  end  thus  the  mesna  would  be  aflbrded  fbt 
meaaurine  with  perfect  accuracy  the  uhnoat  invisible  fibre  of  a  apider's 
web,  or  tor  taking  the  dimensions  of  tbe  capillary  vessels  Ihrouch 
which  circulate  the  juices  of  plants  and  animals,  or  for  diacovering  the 
size  of  microscopic  insects  or  other  objects  too  minute  to  be  perceived 
by  the  naked  eye.  An  iostrument  adapted  to  a  microscope  for  such 
purposes  is  colled  a  micrometer,*  and  its  scr 
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'   Tbe  kdvantage  derived  from  oombining  together  two  of  iLemi 
Bowers,  as  the  lever  with  the  wheel  and  mle,  or  wilh  ilia  screw,  hiis 
Men  already  detailed  ;  and  it  ia  by  meana  of  combinationB  of  the  sim- 
machines,  aader  tlioii  Tuious  modiGcatioas,  together,  or  with  each 
er,  that  a  vaat  omLtitude  of  complejc  machines  are  produced,  which 
adapted  to  facilitate  the  nuiDeroasDperatjona  required  iu  the  aereral 
la  of  the  arta,  roanufacturea,  and  domestic  economy, 
g  all  the  simple  mscbiiieii  there  is  no  one  so  geuenUy  useful, 
■nd  therelbre  so  frequently  luakii^  a  part  of  compouud  muctuDery  as 
at  nuidifiEatioa  of  tbe  lever  (tailed  the  wbeel  and  uiie.     lu  advan- 
^UB  adaptation  to  the  purposes  of  the  mechanist  are  partly  owing 
tbe  nature  of  (he  motion  lo  which  it  gives  rise,  namely  rotation, 
tiiah  is  capable  of  being  uninterruptedly  continued  through  a  period 
If  indefinite  extent ;  and  to  (his  advantage  maj  be  added  the  extreme 
'    ili^  with  which  wheels  may  be  connected  in  vnriouB  modes  witli 
er  cinda  of  machinery.     Hence  there  are  few  complex  murhinei  of 
•rhich  wheels  do  not  constitute  the  moat  eSective  or  essential  parts. 
o  formed  a  taat  vatiety  of  miUs,  from  the  coftae-mill  to  tbe 
id  complicated  engine  colled  a  rolling-mill,  fur  cu 
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;  alltl 


lullifari 


wheet-corriagea  ;  turning-lathes,  and  grinding-machtnes  ; 
ooka,  watches,  and  timakeeperg,  in  general;  spinning-jennies,  and 
any  otlier  machines  used  in  tbe  cotton,  linen,  woollen,  and  ailk  maau- 
GtDrefl;  and  steam-engines  under  many  of  their  modidcations,  to  ac- 
immodale  them  to  the  purposes  to  which  (hej  are  devoted. 
TbepecuUarmerhods  in  which  the  parts  of  machinery  are  connected, 
rthe  modes  of  action  of  one  mechanio  power  upon  another,  or  upon  a 
ifibirait  form  of  the  same  power,  are  variously  diversified  to  suit  par- 
BulsT  purposes.  The  wheel  and  pinion,  represented  in  the  margin, 
—  "-  consists  properly  of  two  wheels  of  unequal  dimen- 

sions, Ihe  larger  having  teeth  on  its  circumference 
which  are  adapted  to  oorreapondenl  taetb,  or  as  they 
are  sometime  a  callad  leaves,  in  the  smaller  wheel  ot 
pinion:  thus  a  pinion  may  he  made  to  act  on  a 
crown  wheel,  that  is  a  wLeel  with  teelh  TJVfcteft.  «. 
circimifHri'nce ;  as  miy  be  obseivod  in  a  ■wii,i:i>>  ot 
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timekeeper.  Tlie  endless  srrew  may  be  eonnected  willi  llie  teetli  of  i 
n  heel,  in  the  nuuiner  represenled  in  the  annexed  figure. 

A  little  atlenliou  lo  the  made  of  Ba- 
in conetnnt  ose 
•»  for  oliserrii^ 
instsncBB  of  the  difbioil 
1  of  wbeel-wDrk 
■e  combined  together,  or  nuide  to  nii 
the  effect  of  tLe  other  mecbanic  power*. 
These  are,  howecer,  generallj  redor 
cihle  to  two  nialhoda  of  pitwieding, 
namely,  either  by  teeth,  cogs,  M  aoniB 
siiuilaT  pails,  gctmgagainateach  mhn. 
as  just  described ;  or  by  bands,  ■* 
GoruB.  choina,  or  other  flexible  linea 
pusaing  wholly  or  in  pari  round  one  oc 
more  wheels  and  iilee,  so  as  to  pro- 
duce simullaneoua  motion.  With  respect  to  the  use  of  either  of  these 
melhadB  it  is  of  importance  to  observe  the  peculiar  nature  of  catatorj 
motion,  which  diifera  most  essentially  from  what  is  termed  a.  motion  aJT 
translation,  or  pHsaage  from  one  place  to  another,  though  it  mayor  may 
OOt  accompany  such  a  motion.  Suppose  any  body,  as  a  billiatd-halC 
.  jl     to  be  pushed  from  A  to  B,  erery  particle  of 

"^SjA  (~)      the  ball  must  have  partaken  of  the  motion; 

^ — A-^       (,m  if  it  ^  made  lo  spin  round  in  one  plaosi 

the  centre  of  the  ball  will  remain  unmoved  i  for  inuriae  such  a  ball,  or 
ila^  g:lobDlBr  bead  to  be  pierced  centrically,  and  hsTe  a  wire  pauad 
through  it,  the  baQ  might  be  made  te  reTolre  with  any  degree  of  relo- 
""'""  — ■-"    -  ■■'■' perfectly  steady.     Let  a  circular  disk  of 

paper  or  any  thin  subatsace  be  made  to  levolra 
in  this  rnanuer,  on  a  pic,  it  will  be  perceived 
that  the  exterior  sarface  of  such  a  miuiaturfl 
wheel  must  move  with  greater  velocity  thn 
any  other  part ;  so  that  the  point  A  will  ptaa 
over  more  space  in  each  revolution  of  the  wheel 
than  the  point  B;  and  the  latter  over  mora 
thaa  the  interior  point  C.  Hence  it  must  follow 
that  every  circle  within  the  circumference  ofs 
revolving  wheel  will  bava  a  relative  velocity 
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correBpanding  with  its  diameter  ;  so  tbnt  ihe  de^ea  of  TelociC<r  com* 
municKled  by  a  wheel  in  motion  to  some  olLer  part  of  a  coniponnd  mn- 
chine  must  depend  not  merely  on  tbe  actual  velocity  of  tbe  wbeel,  bnt 
on  tliBt  taken  in  conjunction  witb  the  relatiTe  di«tanoe  from  its  cantre 
Bwbiob  the  catunvuDicatiDn  lakea  place;  wbiither  it  be  by  meana  of 
iHtb,  projeoting  pina,  or  cords  running  in  grooved  caTities. 
*  Wbon  teelb  are  mude  the  medium  for  tbe  communication  of  iropulae. 
Aeir  peculiar  Ibrm  requires  attention  ;  bul  it  can  here  oolj  be  gen^allr 
1  that  tbe  teelb  sboald  be  so  constrncted  as  Id  act  upon  each 
indiaiateadily,  without  Jerking  or  rubbin;;,  which  would  soon  dennge 
At  mMhine  ;  and  that  the  teeth  most  aci^ui^tely  adapted  to  produce 
Aa  Tegnired  effect,  are  such  aa  have  their  comapondiag  aarfiiceB  fonn- 
ing  peculiar  currea,  the  eiact  figure  of  which  in  any  caae  may  be 
«Kartsined  by  geometrical  construction.' 

It  is  likewise  desitable  that  the  teeth  of  one  wheel  abould  work  sac- 

JD  those  of  the  corresponding  wheel,  and  that  the  game  teeih 

>t  meet  in  each  oonseoulive  revolution  of  tbe  Inrger  irbeol ;  as 

thus  act  more  oniformly,  nnd  wear  awny  more  slowly  than  if 

teeth  came  in  contact  more  frequently.  This  abject  ia  eSeoted 

xuikiug:  the  numbers  of  tbe  teeth  of  wheels  acting  together,  or  of  a 

linion,  as  discordant  aa  possible  ;  so  that  the  number  of 

j  small  wheel  maj  never  be  so  aliquot  part  of  the  m 


Irr  xuikiug  ll 
«lMel  buS  it 
tteieei^ig 


may  never 
I,  if  a  whe< 


of  siity  teeth  he  turned  by  a 
if  the  lotter  would  come  in  contact  with 
^  tmau  teeth  of  the  former  in  each  of  its  revolutions,  or  in  every  siitli 
aSToInlioD  of  tbe  pinion  ;  but  if  Ibe  larger  wheel  have  sixty-one  teeth, 
litmiBt  be  manifest  tbstno  two  corresponding  teeth  of  ibe  wbeel  and 
respectively  can  meet  more  than  once  in  every  aiity-onerevolu- 
f  the  pinion,  during  whieh  the  wheel  will  have  revolved  ten 
'tfrnei^  The  odd  loothorci^  by  which  this  effect  is  produced  is  called 
ll^  mJHwrigbts  tlie  baoling-aog. 

In  the  cODatruPtion  of  complex  machines,  it  is  not  merely  requisite 
ttat  they  should  afford  tbe  mepaa  orcommUDication  between  tbe  power 
Mul  tlie  resistance,  and  enable  the  former  to  overcame  tbe  latter  by  the 
VPmhined  asaistance  of  two  or  more  of  tbe  mechanic  powers,  or  simple 
iXil^inea  ;  but  it  also  often  becomes  anobject  of  tbe  highest  importanosi 
'itotAooge  the  direction  of  any  given,  moving  power  or 
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iitterly  tntppUcable  tu  the  iutended  parpou, 
esfi.  'I'bs  means  bj  which  tbis  is  effected 
ne!)'  nnnieious  end , diversified.  Some  eismpleii  haia 
been  already  givGD  of  tlie  methods  employed  to  change  the  di- 
rection of  s  moviDg  power,  in  describing  the  modes  of  sction  of 
wlieels  Bni!  poUeys:  by  such  means  one  rectilinear  motion  may 
be  chntifced  into  anotber  in  s  contrscy  direction ;  thus  a  maa 
pulling  downwards  may  draw  up  s  weight  snepeuded  by  a  rope 
paasing  over  a  wheel,  juBt  as  we  drew  up  a  curtain  or  e  sun-blind. 
And  motion  may  betlius  propagated  ja  an  angular  direction,  ns  wlien  ■ 
beJI-wira  passes  from  one  aide  of  a  room  to  another;  the  cranks  which 
are  used  at  the  angles  being  only  a  kind  of  imperfect  wheels,  having  a 
confined  motion.  Jleciprocaung  rectilinear  motion  may  be  cbaogied 
into  circalar  motion,  by  a  crank  applied  1o  turn  a  wheel,  as  m^  be 
seen  in  the  common  knlfo- grinding  mscbine,  and  in  the  tuming-latbe ; 
and  the  same  eSect  ia  prodootd 
hj"  what  baa  been  feneifiiUT 
styled  the  aun  and  planet  wheel, 
Tepreaeated  in  the  msrgin  ;  one 
wheel  fixed  at  the  eitrcmily 
of  a  vertical  rod  which  riaea  mid 

talk  nlterniuly,  ncting  by  teeth 


-lieel  to 


doablu  Telocity;  and  thna  ia 
lade  to  rerolvB  the  flj-wbeel 
F  a  steam-engine.  Tbe  oppo- 
'ffect  of  curvilinear  moticrti 
producing  alternate  rectilinMf 
motion  mnv  be  olaerved  in  ibemannerof  working  the  pistons  of  an  air- 
pump,  or  a  firc-enginH.  as  in  the  marginal  figure  p.  9d.  A  very  ingeniou* 

or  rilhnr  for  producing  tit  accurate  corTespondence  between  anch 

motions,  ia  dlsiplsj^ad  in  tbe  aystem  of  jointed  bsrs  used  lo  connect 

the  piaton-rode  of^the  steam-engine  and  its  air-pi 

be>un,  whose  reciprocating  motion  trannaiitR  the  nee 

Hy.wheel  and  other  pnrte  of  the  mschiac.    A  ma 

the  nature  of  this  contriTSUce,  termed  the  parallel  motion,  mMy  be 

attained  from  inspecting  a  steam-engine  at  work,  than  from  a  dctuM 
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deacriptioo  eTen  with  the  ud  of «  figure  representing  its 
construcQon.  The  uniTeranl  joint,  iovanteil  by  the 
celebTBted  Dr.  Robert  Uooke,  nSoiie  a  simple  and 
eEBoisnt  mode  of  trangferring  rolatory  motiou  i'rom  one 
to  another  in  an  tmgtJa;  direcuon ;  but  ibid  may 
ino  with  gcaaar  ocrurscy  by  meana  of  bevilled 
iIh,  whiob,  la  will  bo  understood  from  the  fol' 
lo?ring  figures  may  be  made  to  act  on  each  other  M 
Q&aj  angle  whataoever. 


jsgolatioa  of  the  veloci^  of  rate  of  motion  is  of  the  highest 
^ence  to  onaure  the  efficiency  of  compound  machinery.  VVhen 
ijaore  of  the  mechanic  poweni  are  made  to  act  in  concert,  they 
Kceaiarilv  huve  certain  points  of  contact ;  and  tlie  materiel  sub- 
B  of  wbicii  machinoB  are  constructed,  being  subject  to  variations 
tiVf  and  dimenaions  from  the  action  of  boat  and  cold,  or  other 
',  regularity  of  action  cannot  be  perfectly  attained,  unleas  some 
Mn  b«  adopted  to  prevent  lbs  obangea  just  mentioned  horn 

Klace,  ot  ID  conntersct  their  effects  ;  so  that  there  may  he  such 
y  ID  the  points  of  contact  of  the  mecbsnio  powers,  as  to  pro- 
■mbnaity  of  combined  action.  Thns,  in  a  clock  ot  timepiece, 
It  Duition  is  propaguted  throughout  trains  of  wheel-work,  by 
of  a  pendulum  oscillatmg  aecunds;  and  the  pendulum  theielore 
B  patt  of  a  regulator  to  the  clock.  In  describing  the  pendulum 
^pecaliat  kind  of  motion,  it  bas  been  atated  that  to  beat  aeconds 
pi  hare  a  certain  length,  ooiresponding  to  tlie  latitadeof  tlie  place 
lore  strictly  speaking  to  the  distance  of  tbat  ploce 
|e  euth'a  centre.  Now  it  haa  been  discoreted  framoVner-ift'Cvjn 
d  of  brass,  steal,  or  ia  Act  of  anj  aaWaiicB  iftda-^ve^ 
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for  gucli  a  use.  will  be  elon^ted  bj  bent.  Bud  coatrsoled  by  cold  -,  and 
Ibat  to  Hucb  an  extent  by  the  cominon  chimgu  of  temperature  in  the 
atmosphere  at  different  periods,  that  a  pendulum  which  would  vibtaM 
once  in  a  second  in  (he  winter,  would  take  up  more  Ihun  a  aecond  in 
peifonning  une  fibritioD  in  tbe  auBUner ;  and  henee  it  would  require 
lobe  shortened  at  the  latter  period, and  lengthened  a^in  at  the  former 
to  make  it  act  with  any  tolerable  degree  of  nniformity.  To  regulalB  ■ 
clock  intbia  manner  it  is  obvious  that  ibe  error  muat  be  Dbaerred  beftire 
it  eould  be  oorructed,  snd  tlierefore  this  method  tbough  it  might  aeir* 
for  common  purposes,  would  be  nearly  UBeleaa  to  tbe  astronomer  or  tbe 
navigator,  requiring  a  uniform  and  accurate  measurement  of  a  consider- 
able period  of  time,  by  means  of  an  initrument  more  or  less  exposed  Is 
alternatiooa  of  temperature.  Tbe  cocstmction  of  a  pendulum  which 
■bouU  nreserre  its  length  uaalterably  in  nil  situaliona,  tbua  beoame  an 
object  bigbly  intereatiDg  both  to  pLiloaopbers  and  mecbanica;  and  the 
■A  cODtriTancea  which  differeut  individusls  bare  adoiAed 
t~  or  proposed  bare  been  numerous  and  diversified.  The 
CyJ^^  general  prinolple  on  wbicb  compenaation  pendulums,  H 
"^  they  are  termed,  aot,  may  be  comprehended  from  the  an- 
nexed figure  and  deacription. 

Suppose  C  D  E  F  to  represent  a  steel  frame,  and  G  H  a 
transverse  bsr  of  metal  connected  by  the  copper  rod*  1 
and  K  with  the  bar  D  E,  to  wbicli  they  are  firmly  fixed, 
I'he  rod  0  P  being  laatened  by  a  pin  to  the  bar  G  H, 
deicenda  from  it  Ibrougb  an  aperture  in  the  bar  D  S, 
bangint'  &eely  from  tbe  point  O,  and  euppnrting  th* 
pendulutn-bob  P :  tbe  pendulum  turning  on  tbe  aus- 
penaion-spring  A  B.  Now  when  tbe  longitudiaal  rods 
'  are  dilated  by  heat,  the  elongation  of  Ibe  rods  I  and 
K,  will  tend  lu  raise  the  bar  G  11  to  which  Ibe  rod 
O  P  is  attached ;  but  the  coneaponding  elongation  of 
the  latter  will  tend  to  lower  the  point  P ;  and  if  tbe  »p- 
pstatuB  be  properly  arranged  tbe  lengthening  of  cme  tat 
of  rods  will  compensate  that  of  tbe  other,  ns  Ihe/  muit 
take  place  in  opposite  directions'*   On  similar  prinniplea 

ent  Ocgnci  of  itpansibUll;  with  increaH 


•ra  coDitcactf  d  Hbcj 


of  which  hOB  b 


Buapensn 


jwudalum-rod,  in  which 

tiudlbeBtacerliiinaad  iniansblf  dislancfl  from  

■  Thus  it  has  been  ahown  bow  (be  efTect  of  a  single  cnusb  uf  inegu- 
hritjr  of  sction  in  mBohioery  may  be  obviBlBd  ;  but  in  tLe  grenter  num- 
ber of  tlie  comjilex  macbiDea  employed  for  rarioua  purposes  connected 
with  arts  and  maaufaeCures,  ihete  are  often  several  different  circam- 
•nDoeB  oontribuling  more  or  lees  to  jirBTaat  regular  or  uniform  action. 
Beudes  ibe  difficulty  of  maintBiDinR  oettaiu  paints  of  contact  be- 
nrMQtbemoring  ports  of  machines,  owing  to  iaequalitj  of  temperature 
■nd  Dooseqiient  contraction  and  expansion  of  aolid  bodies,  there  are 
•dditioDH]  difficulties  ariaing  from  (be  gradual  wearing  away  of  Bur- 
fccei  by  friction  and  from  other  cnuaea.  But  adiuittin);  Ibe  possibilitv 
■«f  preeerring  thepoinUof  contncC  of  the  parla  of  a  inBrliiae  nnaltereil 
foracertoin  period,  abundant  causes  of  irregular  action  migbt  still 
BxiM  j  Bmang  wliicli  may  be  mentioned,  as  one  of  the  most  important, 
tba  iiT^pilar  effect  of  the  moving  power.  A  familiar  example  of  such 
•  «sls  Imll  ocenr  in  tbe  common  buudmill,  used  by  grocers  to  grind 
M^otcodob;  for  n  greater  degree  of  strength  must  be  exerted  to 
Mrn  the  winch  or  handle  of  such  a  mill  at  tbe  lowest  point  of  the  circle 
■Vllii^  itfbrms.  in  lumine,  than  at  the  highest  pointy  and  thus  the 
feUciiiDB  Eonld  not  be  made  to  act  with  nn  equable  notion,  but  for  the 
heasj  By-whee!,  connected  with  tbe  axis  of  the  mill,  which  eqaalizes 
ljb«  edecl.  and  enables  a  man  to  turn  the  mill  with  any  required  Telocity, 
workin)^  wilboot  interrnption  or  eitrBordinury  eBorls.  In  reference 
tOllM^-wheel.  Sir  John  Leslie  says,  "ThoTHriable  inciting  fercei 
n«  ihtlS,  by  the  intervention  of  a  heavy  wheel,  blended  together  in 
■^m/dag  one  great  momentum,  which  aiterwards  mnintaina  a  nearly 
Vnifena  ociioti.  Tbe  use  of  the  fly  in  mechanics  hence  resembles  that 
•f  ■  reservoir,  which  collects  tbe  inlennitting  lurrents,  and  sends  foplb 
rc^hr  stream."*  That  distinguished  philosopher  has  given  a  de- 
.^niption  of  a  machine  called  the  Couoentrator  of  Force,  by  means  of 
Mioh  an  tnconsideiable  pnner,  acting  on  a  Ay-wheel,  may  be  made  to 
yrodueti  >  vutmomeDtaryeifect.  On  this  principle  of  the  effect  of 
llie  concentration  of  force  depends  tbe  sclion  of  tbe  coining-press  oaf^H 

•  Elements  of  Natursl  PbUoHiFbr,  vol.  1.  p.  17T  -  ^| 
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foiBtriliiiigpiMeRormoney.  TlienioineDtBmooiaiiHiiuclted  tallisma- 
chine  iy  a  mnn  whirling  round  for  a  fowucoods  Uie  balls  at  theeitre- 
miCipenf  (nharizoatBl  bar,  will  cause  thescraw 
^^mm^^f^mmm^  to  descend  witb  such  force,  cnrrying  tlie  die  ■- 
gainaC  h  ciicular  disk  of  metal,  ta  to  gi«e  it  the 
requirud  impresnioD  at  one  stroke.  This  ma- 
chine  is  said  to  bare  been  invented  bv  Ni- 
cholas liriot,  mint'Diiiater  {tailleai--gia(ral 
da  monurafj)  to  Louis  XIII.  of  Fnmre  ;  and 
by  using  it  one  man  rosy  do  as  much  work 
as  twenty,  Btrik!n|;  coins  with  a  bamiaer, 
which  was  the  old  method  of  coining.* 

A  complicated  machine,  sach  as  (he  steam-engine,  requires  various 
modiGcutioae  or  adaptations  of  its  essential  paria,  add  the  addition  of 
snmo  peculiar  parts  to  equalise  or  compensatB  irregular  movemanta, 
and  enable  the  engine  to  work  with  due  accuracy  and  effect.     Besides 
the  fly-wbeel.  whieb  is  a  necessary  appends^  to   the  commoD  low- 
presBure  steam-engine,  there  is  another  very  mgentous  end  important 
contrivance,  called  the  governor.     It  consists  of  two  heavy  balU,  con- 
nected by  jointed  rodawilh  aievolving  aiiia,  by  my 
iocreaae  in  the  velocity  of  which  Ihoy  diverge  or 
t  separate  from  each  other,  and  draw  downwards  the 
jointed  cods;  while  a  slower  motion  of  the  axis 
causes  tbe  balls  to  approach  each  other,  and  the 
system  of  rods  to  be  contracted  laterally  and  be  ai- 
'idiipwsrd.     The  i^rsnd  effect  produced  bythii 
ls  depends  on  making  tbe  ascending  end  de- 
ling extremity  of  the  joioted  rods  raise  or  lower 
the  end  of  a  bar  which  acta  aa  a  lever,  and  moves  a 
regulates  tbe  supply  of  steam  from  the 
principal   steam-pipe.     A  sun^ar  method  of  con- 
troiling  the  effect  of  moving  power  is  applicable  » 
wind  and  water  mills,  and  other  kinds  ofmnchinary. 
Whatever  may  be  the  eompleiilv  of  a  machine,  or  bowever  varied 
ita  action,  its  effect,  theoretically  considered,  is  to  be  estimated  u- 
cording  to  the  principles  already  laid  down  relative  to  simplt  nu- 
chines.     There  must  be  in  every  case  an  eijaBlity  of  effective  ttotimi 
in  the  power  and  the  resiatonce  la  order  to  produce  eijuilibrium;  md 
•  V.  Siifaud  de  la  Fond  Elfmcns  dc  FbyBlquo,  1737,  t.  ii.  p,  ill. 
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Vonaeqnentlj  tlie  efficient  force  of  (lie  pover  mnst,  with  tbe  aasistiiDce 

Bf  [lie  machuie,  exceed  thnl  of  die  weight  or  reaisiBDce.  hefore  motiuii 

I  t»ke  place.     It  may  be  genemlly  stated  thut  a  [lower  can  counter- 

BQce  say  given  resiatince,  when  the  momeDlam  of  the  former  in 

ideied  equal  to  that  of  the  latter.     This  liss  been  repeatedly  de- 

tBtrated  in  treatiiifi;  of  the  several  simple  machines.     Thus,  it  hoe 

1  ahowD  that  a  l^ver  can  he  kept  is  equilibrium  only  when  the 

iber  of  ponnds  in  the  power,  multiplied  by  the  number  of  feet  it 

Id  degcribe,  if  pot  in  motion,  gives  a  product  exncUy  equal  to  that 

tbe  number  of  pounds  in  the  resUCanee  multiplied  by  tbe  number  of 

M  in  the  apace  relatively  described  by  it ;  so  tbut  the  apocea  passed 

ifimiogh  by  the  power  and  the  reaiatauce  must  alwaya  be  m  the  inverse 

"'itjo  of  their  respective  weights,  or  actual  independent  forces.    Hence 

fbllowK  that  whatever  advantage  ia  a9brded  by  a  machine,  so  aa  to 

-  "■'-   a  Broall  weight  or    other  weak  power  to  overcome  u    great 

or  reaistance,  must  depend  un  conununi eating  to  the  power  a 

itjegree  of  velocity,  or  oansiog  it  to  act  tlirougii  a  space  which  shall 

Siorethui  equalise  tbe  momentuma  of  the  ontagoniBl  focees. 

It  may  peniaps  be  remarked  that  machines,  r^^rded  in  this  point 
\r-t^—  —-T  HO  additional  force ;  since  in  order  to  raise  a  weight  of 
a  power  must  be  made  to  act  with  an  effect  superior  to 
either  weight  or  preaaure.  The  object  of  machuiery  cer- 
to  create  force,  which  is  impossible,  but  to  accumulate, 
ilUatnbute  and  apply  it,  so  ab  to  produce  certain  effects  ;  and  tlie  ad- 
■l^witage  thus  afforded  is  often  of  tbe  highest  importuooe.  Thus,  a  man, 
■"  ilh  a  crow-bar,  rany  be  able  to  turn  over  a  log  of  wood,  or  a  block  of 
nne,  which  unassisted  ho  could  no  more  move  than  be  could  one  of 
.  e  E^jptian  pyramtds.  Bat  to  raise  aucb  a  mass  of  wood  or  atone 
tWith  a  crow.lKir  or  lever,  be  must  make  the  end  of  the  bar  to  whioii  ho 
Ihpplied  Ua  strength  move  tbroagh  a  space,  probably  fifly  or  aiity  times 
%■  gnat  as  that  throngh  which  he  would  move  tlie  log  or  block.  So 
'lilteirise  if  a  man,  who  oinld  pull  with  a  force  only  equal  to  50  pounds. 
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llE>rded  him  l}ie  assistance  precisely  necessary  to  supply  liis  de- 
deni^jr  of  strength,  it  must  be  so  constructed  that  he  would  have  lo 
"   down  120  feet  of  rope,  in  order  to  malie  tlie  bale  ascend    12 
Theae  esnmples  will  pmbably  suffice  to  illuatrote  the  iiaOue  >-'i 


(ha  eqnilibrin 

and  h^Dce  i1 

nm|i1o}-etl  far  aay  purpose,  though  its  actual  forte  ce 

bv  aay  nsohioe,  on  such  as  incresae  woalJ  inrolTS  s  moi 

Ribililj,  yet  ila  eSpctire  force  mnj  often  be  iniiefinitelj  angmented  ; 

that  is,  its  actual  force  niny  be  mailB  by  a  macliine  to  oTercome  an 

wtual  resistancB,  to  which,  oloiic,  it  would  be  utterly  inadequute. 

The  action  of  machinery  neceaaarily  requires  time  to  produce  mj' 
Ripen  efieet.  Motioo  can  in  no  euse  beinstnnttineauB, honeFer  rapid; 
and  when  it  ia  the  resDlt  of  the  operation  of  complicated  mitohinei^,  it 
mnst  be  relmivoly  alon-.  It  may  indeed  be  the  real  object  of  a 
pisca  of  roecbanrsm  lo  eilend  b  series  of  consecDtiTe  moremsnta 
ihroDgh  a  certain  period  ;  and  of  such  an  arrangenient  examplea  may- 
be found  in  common  clocka  and  watcbaB.  In  no  eight-day  clock,  for 
instance,  a  couple  of  weigbta  are  vound  up  to  a  cettain  height,  and 
left  Buapendod  to  act  by  their  own  gravity  iu  aettinf  in  motion  Ireini 
of  wheol-work,  which  Shall  cauae  the  indeies,  or  hoar  and  minute 
hands,  to  describe  given  circles  in  certain  spaces  of  time,  so  as  to  fop' 
niafi  a  method  for  the  efjual  measarement  of  time  ;  and  the  graTitBthig 
powers  of  the  weights  are  90  opposed  by  tbe  reaittuuce  diatribnted 
over  the  namETOua  wheels  and  pinions,  that  though  the  weights  nay 
eacb  amount  to  SDvcral  pounds,  they  msj  deBceud  so  dovlj  at  to  lie 
more  than  ■  week  in  pnasiDg  through  the  space  of  five  or  six  feel. 

A  story  Ti  told  bynn  ancient  n-ril«r,  relative  to  the  celebrated  A rdii- 
medes,  from  which  may  be  drawn  a  most  pointed  illualratioa  of  tin 
immenBity  ef  lime  and  space  required  to  produce  meehanicaJ  EBeet. 
where  the  disproiiortion  between  the  power  and  the  I'eaiBtaiicB  is  ei- 
tromely  great.  In  lelating  the  hiatory  of  the  siage  of  Syrscuae  by  ^ 
RomaoB,  Plutarch,  in  hii  Life  of  Marcellua,  tba  Roman  ^neml,  aaVI 
that  Arehimedea  told  Hiero,  kiiif;  of  Syracuse,  whose  confidence  ha 
posspsBsd,  as  being  related  to  that  prince  nnd  highly  eateemed  by  him, 
that  by  hia  tnechanir  akill,  he  could,  if  there  was  another  earth  for  hia 
to  itand  on,  move  tbe  aolid  cilohe  which  we  inhabit.  Hiero,  astonished 
uc  this  assertion,  requested  ilie  philosopher  to  afford  him  aoiue  demon- 
stralivn  eriilence  of  its  troth,  by  letting  him  behold  a  rery  lar^  body 
moved  by  a-ansll  force ;  and  thi-  bialorian  nddn  this  eSi^i'l  was  exhi- 
bited by  Archimedes,  who  aitling  on  the  sea-ahore  drew  into  porl,wit]i 
one  htmdf  u  large  sbip  heavily  laden  and  having  a  numbet  of  man  on 
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This  IiB  is  stated  to  have  done  bj  gentlj  moTing  the  handle  ul 
isuHiliine  called  jmliispaslnti,  B  pulley. 

t  Itlias  been  remBrked,  tbat  if  Arohimedas  liad  proposed  lo  move  tb« 
Dinh  bj  memu  of  a  lever,  and  had  obtained  not  only  the  plane  lie  te- 
■Wed  to  stand  oa.liDt  alaoanothernhereoa  (a  fix  hia  fulcn 
j^poUietioal  lever  or  THquieite  lea^b  and  atreD|^,  a 
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OB  to  mnva  it  with  the  veluciiy  of  s  oannon-bal!,  he 
Mold  not  have  shifted  the  earth  moie  Chan  the  Itvectj-Berea  uil- 
lianlU  of  «D  inch  in  a  uiillioD  of  years ;  and  supposing  him  to  have 
JHtd  but  the  average  poirec  ol'  a  strong  mflu.  it  would  have  taken  him 
Jh6d3,7ii,l76,S0S  centuries  to  have  moved  the  earth  with  the  machine 
be  bad  in  view  in  hie  address  to  his  royal  relative.* 
,  Faiadoiical  na  these  slatemenlB  may  appear,  it  may  bo  easily  shown 
tbftt  they  are  foonded  on  mBlhemaliDal  evidenoe.  To  comprehend  Ihia 
^  will  be  only  necessary  to  consider  how  far  into  boundless  space  sueh 
Sthaoretieal  lever  as  tliaiimsf^ined  for  Archimedes  must  have  extended  ; 
isd  tbe  consequent  iacomprelieoaible  immensity  of  the  arc  which  such 
Ifi  iniiginaiy  lerer  mnit  be  supposed  to  deacnbe. 
^  Tluwe  who  have  leisure  and  iuclinalion  for  making'  such  compma- 
flona  may  ascertain  what  length  of  iheoretical  rope  must  he  drawn  over 
igj^pnaiy  pulleys,  to  miae  through  tbe  space  of  one  inch,  by  means  of 
t  poirar  equal  to  seyenty-two  puands,  a  aplieneal  tnass  BOOO  mileB  in 
iiamete'i  having  a  mean  density  live  times  that  of  water,  and  taking 
Oa  weight  of  a  cubic  fool  of  that  fluid  to  he  lOOU  ounces  avoirdupois. 
31>e  result  of  such  a  calculation  would  aflbrd  an  approximation  to  a  fair 
imalB  of  the  fancied  task  of  Archimedes  ;  and  would  atcikinglj 
if  vmce  tbe  utter  iusi^cniGcance  of  human  skill  and  science  wben  OM-'  ] 
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deductions  on  accoaal  of  Ike  obstacles  to  freedoro  of  notimi  nrising 
fiom  frivtinn.  tbe  rigidity  of  cordnge,  or  ths  imjierfectious  of  tbe  mt- 
terials  of  wbich  machiiiea  maat  be  cODatructed.  All  these  subiects  itre 
of  the  highest  imporlnDce  lo  prscocat  mocbBniciiiDS,  uid  are  Iberefim 
deserriDg  of  tbe  most  Bocurate  atteiLtion ;  but  it  will  be  mfliGient  bare 
to  describe  briefly  the  nature  of  these  obsliueling  or  retarding  forces. 
Mud  lo  notice  tbe  mMbods  usuidlj  adopted  for  lesBening  or  correcting 
the  iooonvenienees  they  msy  produce. 

It  is  the  well-lmown  cou sequence  of  friction  that  wben  one  substsnee 
tnares  in  contact  with  another,  either  at  rest  or  moving  in  un  oppoeite 
direction,  more  or  leaa  force  must  he  applied  to  produce  motion  in 
proportion  to  tbe  roBghness  or  amoothnesa  of  the  surfaces  of  the  two 
bodies.*  No  subatanco  can  be  perfectly  smooth;  not  even  polished 
steel  or  glass.  Those  surfaces  that  to  tlie  naked  eye  seem  free  ftoai 
tlie  aligbiest  inequslities  are  found,  when  eiamined  bv  a  powerfiil 
microscope,  to  be  coTered  with  inDmnerable  rising-  points  and  hollows, 
like  the  face  of  a  file ;  and  sometimes  to  be  interseoled  by  ahundanoe 
of  irregular  ridges  and  furrows.  Now,  when  surfaces,  such  as  hare 
been  just  described,  are  tnade  tu  move  in  contact,  the  prominent  pans 
of  tbe  one  will  pass  into  the  depressions  of  the  other,  and  thus  oecasian 
more  or  less  difficulty  in  procuring  lateral  motion. 

Though  frictiou,  from  its  eSecC  in  retarding  motigu,  loss^us  tbe  ad- 
vantage derived  from  machinery,  and  often  causes  inconvenienofl,  yel 
it  is  one  of  those  properties  of  matter  which  we  find  to  be  of  olmoel  in- 
dispenieble  utility.  If  all  bodiea  were  destitute  of  friction  it  would 
be  very  difficult  for  us  to  grasp  or  retain  in  our  hands  any  solid  sub- 
Btscce ;  a  penknife,  a  ruler,  or  a  book  would  slip  IIirODgh  our  fingers. 
if  not  beld  lightly  ;  and  in  using  our  hands  for  any  puqiose,  such  a 
decree  of  muscular  power  must  be  exerted  as  would  he  eitremelv 
fiitiguing  and  inconvenient.  But  without  friction  it  would  ho  still 
more  difficult  to  use  our  feel  than  our  hands ;  end  no  man  could  walk 
upright  ualess  he  possessed  the  nliill  and  activity  of  a  tight- rope  dancer, 
or  a  performer  on  the  slacli  wire.  The  consequeDce  of  losing  the  ad- 
vantage derived  from  friction  in  walking  may  be  easily  ounoeired, 
when  we  reject  on  what  takes  place  when  friction  is  partially  deam^ad 
by  the  streets  and  open  pavemenla  being  coveted  with  ii 

•  Sec  p.  J. 
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Friction  is  likuwias  advuttsgeoualj  used  ds  b  mesua  of  Eharpening  J 
poliahiog  Tarioua  sahslancea,  b^  nibbiiigT  grliidiiig,  and  other  opo*  ' 
ilsCioiiH  or  great  imporlanco  in  aereral  Bits  and  mennfactutea.  This 
jBToperty  of  niBiter  niay  eyen  bo  applied  to  the  produotion  of  morion  : 
t«t  lesat  it  may  bo  niude  the  metiium  of  communicBtioa  betweezi  one 
tput  of  B  machine  and  auather.  Thus  ivheels  are  somelimea  covered 
~a  their  pGripherieB  with  buff^loaiher,  and  one  of  them  being  set  in 
MtJaawiU  then  turn  the  other,  by  the  friction  of  the  lough  surfaceBof 
mUw  iHBther,  Baling  aaiflbe  wheels  had  been  furnislied  with  inuumerebte 

^  Such  are  the  benefits  of  friction,  hut  ii 
InconTenient  proparly  of  matter,  hindering  freedom  o 
'nding  to  obstruct  it  entirely^  and  hence  in  the  constmctiou  ol  ma- 
' ' —  "  iouBBootiiTanCHS  are  sdoplwl  to  lessen  oi  destroy  the  effect 
Systematic  writers  haTe  distingaiabed  this  property  of 
two  kinda :  namely,  1,  That  which  takes  place  when  two 
lit  anrfaeea  are  mored  in  contact,  bo  that  the  sb  ■  - 


» 't  pravea 


coosMndy  applied  to  some  port  of  the  other ;  and  S,  The  bit- 
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llioo  that  takes  place  when  one  body  rolls  over  another, 
MointB  of  contact  of  both  snHaces  are  perpetually  changing.  1'fae  former 
Mnj  be  styled  continued  friction, and  Ihelatteimtemiptedfriction.  It 
~BMt  be  obrious  that  the  retarding  effect  of  continued  friction  must  be 
greater  than  that  of  interrupted  friction;  so  thatit  must  be  de- 
■  to  convert  the  former  into  the  latter  wherever  that  may  be 
■able.  It  is  for  this  reason  Cliat  plumbers,  masons,  and  carpen- 
when  they  want  to  move  a  beavjr  mess  of  metul,  stone,  or  wood, 
'ral  cylinders  of  hard  wood,  by  means  of  which 
I  dragged  forward  without  coming  in  contact  witb 
immense  friction  of  the  first  kind  or  coutiiiaed 
.  .  otherwise  occur  is  ohanged  into  intomipted  fcio- 

rolling  motion.     On  the  other  hand  interrupted  friction  is  con- 

Vsrted  into  continued  friction,  by  dragging:,  or  as  it  is  temted,  Bhoetug 
.the  wheel  of  a  carriage  in  going  down  a  steep  hill. 


tlief  frict 


Od  the  prinotpte  just  stitad  deprails  the  utility  at  those  paru  of 
leK  macDiDoa,  unlled  friction-ic heels.  In  wheel-worlt  the 
in  lakes  place  betireen  a  icbetl  and  the  aile  un  whicb  it 

^  _       to  dimiauh  ita  eSect  it  ia  ustial  to  cunstrucl  the  ia.lt  mtl 

the  hoi,  ot  CfiOtral  part  of  the  wheel,  of  very  hard  auholanoeB,  the  VO- 
haet  of  irhich  are  not  only  rendered  aa  smooth  aa  possible,  bat  also 
corered  with  oil,or>DmeDlhetiinotuouBmaUer, 
which  facihtatea  tlie  molion  of  the  coireapiind- 
ing  partfl.  Hut  where  it  ia  ooceasaiy  ta  ob- 
tain the  utmost  facility  of  motion,  B  method  has 
brjen  adopted  far  auhdividing  friclion,  by  let- 
ting the  Bile  of  a  priuoipa!  wheoi  more  on  Iw* 
ir  more  small  wheels,  as  in  the  matpiml  figura. 
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In  estimating  the  effect  of  friGtipD,  so  many 
ciroumstanres  must  be  taken  into  the  acoooDt 
that  the  result,  in  any  ^ven  case,  may  afford  but  little  easistanee  in 
deciding  others.  It  may  however  be  stated,  as  the  most  trnportanl  de- 
duction from  repi>ated  experiments,  that  friction  does  not  depend  on 
the  extent  of  the  surfaces  on  which  it  acts,  hot  chiefly  on  the  degree  of 
pressure  to  which  they  are  subjected  ;  so  that,  the  surfqces  continnin^ 
in  the  same  state,  increase  uf  pressure  will  produce  increase  of  jriotioa, 
When  a  heavy  body  is  placed  on  an  inclined  plane,  it  will  have  a  ten- 
dency 10  slide  ;  and  conse<]Uetitly  Trill  remain  at  rpsC  on  such  a  plana, 
only  when  the  retarding  effect  ot  friction  is  greater  than  the  tendency 
formotion,  caused  by  the  inclination  of  the  plane.     Hence  the  angle  of 

Styled  the  angle  of  friction  ;  and  it  trill  of  course  he  dilferent  in  diA 
ferent  cases,  according  to  tjie  nature  of  the  robbing  surfscea,  and  tb* 
degree  of  pressure. 

llie  rigidity  of  cordage  ia  another  proper^  of  solid  bodies  which 
interferes  with  the  freedom  of  motion  in  some  kinds  of  machinery.  It 
must  necessarily  depend  on  the  peculiar  ualuro  of  the  materials  osed, 
since  the  more  flexible  they  are,  the  more  readily  will  they  berona 
adapted  to  the  wheels  or  spindles  round  which  they  are  coiled  ;  ind 
Che  smaller  will  he  the  interruption  of  regular  continued  n 
is  prinoi;jalIy  wben  very  Iliick  lines  are  used,  such  as  the  olblM 
heaving  anciiors  for. very  large  ships,  that  this  rigidity  of  ei 
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1,  requiring  ihe  eipepditure  of 
!□  cbwaa  bure  beeo  iidvuiitiigEDusly  in- 
ice,iiuCead  of  cables-,  god  arelikewis* 
I  flo^hi^^  for  vBriouA  parpoaea  in  tLe  Qrta  tu  which  ropes  alone  vera 
1    fnrnieilj  conBiderBd  applicable. 

J  I  In  the  somtcuction  of  machiDeB  much  must  depend  an  the  atrengtli 
r<Mid  finDDeas  of  th«  matenala  of  Hbioh  thej  may  be  eompoaed.  Thus. 
ia  the  case  of  one  of  the  laoM  fiiniple  machine,  the  lever,  guppoae  a 
long  pole  to  be  applied  to  raiae  a  consideiuble  weight,  much  of  the 
eflect  of  any  power  would  be  lost  in  conaoqUBoCB  of  the  bending  of 
such  a  wooden  lever  at  that  iiart  which  rested  ou  the  folcrum  ;  and 
therefore  sa  iron  bar,  nearly  inflexible,  of  the  same  leugth  with  the 
pole,  would  euible  a  maa  to  move  anj  given  weight  or  leaiaUmce  with 

The  hardneBs,  lennoily,  iflnatioity.  and  other  poperties  of  bodies,  on 
which  their  relatire  atreogth  must  prineipally  ilupend,  vary  so  greatly 
6*«n  in  diflarent  specimens  of  the  same  substance,  as  wood  or  metal, 
du  few  ralaa  of  general  application  can  be  given  for  computing  tlie 
iegae^  of  farce,  which  may  be  applied  witli  safety  to  the  particular 
pHU  of  any  eomplei  iBachine.  Any  solid  substance,  as  a  bar  or  rod 
sf  iron,  may  be  subjected  to  tension  or  pressure  in  diSerent  ways: 
H(I),  b J  suspending  to  it  a  great  weight,  or  endeavouring  to  stretcli 
jtlodgitudiuallj :  (S],  by  weight  or  preasure  applied  to  crush  or  cum- 
ptw  it;  and  (3),  by  weight  or  pressure  applied  to  the  centre  of  a  bar 
VTod,  its  eitremiliea  aiooe  beitig  aupnorced.  It  up^jears  from  eipe- 
rimont,  that  in  the  first  case,  the  leagth  of  a  rod  remaining  the  same, 
its  Btrength  will  be  increased  or  diminished  in  proportion  to  Ihe  area 
of  its  transverse  section:  thus,  as  27  tons  weight  wilt  teai-  asunder 
an  iron  bar  one  inch  square,  so  ■  bar  but  half  an  inch  square  will  ha 
broken  by  a  weight  of  6^  tons  ;  and  so  on  in  any  given  proportion. 
Conceming  the  capacity  of  bodies  Eor  resisting  compression,  but  little 
it  known  with  certainty.  Much  appears  to  depend  on  the  form  of  a 
body,  for  ft  cubic  inch  of  English  oalc  reijuired  to  crash  it  a  weight  of 
S860  pounds ;  but  a  bar  an  inch  square  and  iiie  inches  high  gave  way 
nsder  the  weight  of  S57£  pounds  ;  and  if  longer  it  would  mtinifestly 
■  We  broken  with  a  less  weight.  Mr.  Ronnie,  one  of  the  architects,  ef., 
LXoadoa  Bridge,  infers  from  celoulalroa  that  the  granite  of  whi 
fcpial  ucl)  of  that  bridge  is  constructed  would  bear  ti  pieaauii 
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ach  of  it 
englh  of  bullies 
bo&  ends  being  aupported 
of  the  boity  in  tbe  directioD  of  the  presdura.  Thai  ahea^a  baying  tbo 
Eame  length  aod  breadth  nitb  another,  but  twice  its  depth,  will  be  four 
times  aa  strong ;  and  a  beam  donble  the  Jdu^  of  oiiother,  but  with 
Ibe  aame  breudth  and  depth,  will  hare  but  half  as  much  Btrtingth. 
tjence  the  itrea|^  of  solid  bodies  is  not  by  any  meaiiB  to  be  estimated 
by  their  absolula  magnitude.  HoUaw  cylindera  are  much  strougor 
tban  solid  onea  of  equal  length  and  weight ;  and  therefore  it  appears 
HQ  admirable  prorision  of  nature  that  tbe  bones  of  men  and  other  uii- 
mala  in  those  parts  reqairing  facility  and  power  of  motion  are  more  oi 
leaa  ofa  cylindrical  shape,  with  cavities  in  the  centre,  which  in  birdi 
are  tilled  only  Kith  air,  whence  partly  their  capacity  for  flight ;  but  in 
men  and  beasta  the  cavities  are  filled  with  a  light  ouy  fluid,  wbich  con- 
geals after  death,  forming  marrow.  The  strength  or  efGcianC  power  of 
on  animal  depends  chiefly  on  the  accurate  oonstruction  and  adaptatiotl 
of  its  several  porW.  Some  rery  small  creatures  poasasa  muscular  power; 
in  proportion  to  theirbult, incomparablygreater  than  that  of  the  l«rge« 
and  Btrongesl  of  the  brute  creation.  A  flea,  considered  relatively  to  ite 
aize,  is  far  stronger  than  an  elephant  or  a  lion ;  as  will  appear  froin 
comparing  the  diitaace  the  insect  would  leap  at  one  bound  with  ill 
actual  dimensions,  with  reference  (o  the  spring  and  dimeasioas  of  tlia 
quadruped-  Some  marine  animals,  as  the  whale,  are  of  vest  built; 
nature  having  provided  for  their  convenience  by  giving  them  a  me- 
dium of  great  density  to  inhabit. 


Tbe  oripnal  forcBa  which  produce  motion,  and  wiiich  have  teen 
deni.minaied  Moving  I'owera,  or  Mechnnieal  Agents,  are  of  varioM 
kinds,  depending  on  the  natural  properties  of  bodies.  GruTitalioD  or 
weight  is  an  eitensively  Beting  power  affecting  mutter  in  all  its  dif- 
ferent forms,  and  sAbr^ng  the  means  of  originating  motion  for  many 
useful  and  jmportatil  purposes.  By  the  proper  application  of  wo^l 
!•  atriui  and  mtiDtained  the  eqaab'le  motion'  of  wheel-work,  aa  in  a 
elDOk  ;  and  ibe  same  power  differently  adapted  is  mada  to 
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in,  in  pile-driving  and  numerons  other  operations, 
r  owe  their  velocity  to  the  woight  of  the  descending 
.  kind  of  moving  power  on  >r  hie  (I  depends  the  effeclire 
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and  in  the  conBtructioa  of  watches  or  chroUDmetera ;  god 
Is  force  of  springs  is  employed  for  tn any  other  purposes,  ss  in 
tting^JMiki  and  weighing-mscbines.  l.iijuidii,  though  campressed 
Qi  difficulty,  display  a  high  degree  of  power  when  tbua  treated  ;  and 
jhines  of  VBSt  energy  have  heen  invented,  the  effect  of  wbicb  de- 
ids  on  the  expaDsivB  or  elastic  torce  of  conipceBaed  water.  Tha 
iticily  of  air  is  likewise  .an  abundant  source  of  moving  power, 
(m-eneinea,  audi  aa  were  used  in  the  early  part  of  the  last  CHntory, 
«  made  to  act  tbiongh  atmoaphBric  pressure,  arising  from  the  joint 
nenceof  the  weight  and  elasticity  of  the  air;  but  since  the  vnst  in>- 
retDents  in  macMiiea  of  this  description,  in  consequence  of  the  !«■ 
rches  of  Watt  and  other  eipetinientai  pbilosopberfl,  steam  nr  elastio 
lour  is  employed  ae  the  sole  moving  power,  and  so  managed  as  to 
^UCB  effseta  far  hejoud  those  of  the  old  atmospheric  engines, 
beat  muat  he  regarded  as  a  movitig  power,  the  efficacy  of  whioh  d&- 
]a  im  its  tendency  to  dilate  different  kinds  nf  mett«.  It  also  co&< 
Is  solid  bodies  to  the  liquid  state,  and  liquids  tinder  its  influence  are 
raged  into  Tspours  or  gases.  Heoce  indeed  is  to  be  explained  tbe 
.-._  '-lie  aieam^ngine, in  which  alternating  motion  la  produced 
rive  farca  of  Bteam,  or  water  raised  to  the  state  of  vapour 
leat.  Cambustion  la  a  chemical  proceaa  uften  excited  by 
■I,  and  during  the  progress  of  which  heat  is  always  developed  ;  ana 
IJIII  this  source  is  derived  moving  power  of  vast  intensity,  aa  occur* 
lAe  discharge  of  shot  or  balls  £om  fire-arma,  through  (he  eiplosioa 
Dnpowder.  In  this  case  the  moving  power  arises  hoiD  the  auddeii 
[auion  of  gases  formed  by  the  combustion  of  solid  matter  ;  hut  ee- 
ls have  recently  been  conalructed  ibo  action  of  which  depends  on 
tbimation  of  a  partial  vacuum  by  the  inBammstion  of  oxygen  and 
ragen  gases  in  close  vessels,  and  the  conaequent  production  of 

[aahineB  may  be  set  in  motion  by  means  of  electrioitT>  ^itiwa^  4 
;  and  forces,  which  have  bMU  chiefly  tegaiiei  w  -a-'""*"™ 
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of  cariDBity  mnj  ba  eiteDsiTely  applied  to  UBefu)  and  impartBTit  pnr- 
paeeg.  In  b  French  periodical  publicnCioa  (Journal  de  Geneve,  1H31], 
Bame  socount  ia  given  of  sn  elBciriciil  olock,  iuvented  by  M.  Bianchi 
of  VfiruDB.  Tliis  timekeeper  has  aeitlier  weight  nor  spring,  insIsBd  of 
vhich  the  con Btantribia Lion  of  the  pendnlum  is  maintihien  bv  tlte  im- 
pulse of  elflctricilj,  which  it  receivea  bv  moving  between  two  cralvanic 
pitee,  the  bull  or  hob  being  furninhed  with  a  conductor,  which  in  itd 
oacillationa,  appronehing  either  pile,  alleniniely,  is  repelled  by  the  die- 
ebaree  of  the  electric  fluid;  and  the  regular  action  of  [be  whale  of  the 
machinery  is  kept  up. 

Tbeite  ouraory  obserFatiDng  will  afford  lome  general  ideas  of  the 
nature  end  extent  of  the  moring  powera  originating  From  the  inffuenfe 
of  elaalie  fluids,  hesl.  and  el«tricity;bnl  the  farther  disouaaion  of  thew 
topica  muBl  be  referred  to  the  sabaequent  portion  of  this  work,  where 
Iba  phenomeno  oannected  with  Ibeae  aubjecta  will  be  diednctlj  noticed. 
There  are,  banerer,  besides  those  moving  powera.  the  operation  at 
which  depends  on  the  phyaical  properties  of  matter  in  different  atatei 
of  (ggr^atian.  other  mechanical  stents,  the  effects  of  which  Briaeirom 
the  vital  energy  of  animated  beiuga ;  and  conceming  these  some  details 
mav  here  ho  properJy  introduced. 

'(Tie  application  of  the  natural  alrenglh  of  man  must  have  preceded 
the  employment  of  flll  other  moving  powere ;  and  wb  know  from  liii> 
lory,  that  ever  since  a  very  remote  period  brute  animals  have  likewise 
been  rendered  subservient  to  the  parpnsea  of  art  and  industry.  The 
employment  of  oxen  and  horaaa  in  the  labours  of  the  Reld  most  have 
originated  in  the  earliest  ages  ;  and  the  art  of  training  bsaata  of  dit 
ferent  kinds  to  exert  their  strength  for  the  heneGt  of  man  has  beea 
known  nnd  practised  among  almost  all  natioas  except  those  in  the  very 

The  mechanical  electa  produced  by  the  muscular  eiertions  of  living 
beinga  cannot  be  subjected  to  calculation  on  precisely  the  same  prin- 
eiples  as  the  moving  power  of  a  weighing-machine  or  a  steam-en gine; 
nor  even  ean  they  he  estimated  vrith  so  much  precision  as  the  efficieiit 
power  of  a  windmill  or  a  water-wheel ;  but  there  ace  modes  ofobtuning 
data  whence  to  determine  the  value  of  animal  atrengftb  es  amecbaiiidu 

from  that  and  other  aources.  and  enable  ua  to  discover  their  relatiTAJ 
ponance  for  any  given  purpose. 
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nachine,  the  perfonn- 


the  field  wilh  a  lai^e  hoe  product 

tbe  H^acj  of  a  winch  ia  wnployBd  in  lurni 

aace  ia  atill  greater,  atuouDting  to  D^.OUO. 

Tfae  effective  force  of  human  exertion  differs  according: 
ner  in  nhich  it  is  epjilied.  Frrnn  aome  eiperimeata  made  bj  ilr. 
Robertson  Buchajian,  it  was  Bacertaineil  that  the  labiiui  ' 
ployed  in  working  a  pump,  tumiog  a  winch,  ringing  a 
ing  a  hoaC,  might  be  repreeented  reapectiveljbj  the  numbers  100, 167, 
aar,  and  S4fi.  Hence  it  appears  that  the  act  of  tawing  is 
tageoua  method  of  ajiplying  human  atrungth.  Tte  Greek  seamen  io 
the  Dardanelles  ate  aaid  to  excel  moat  others  in  skill  and  vigour ;  and 
the  Chinese,  who  use  both  their  hands  and  feet  surpass  all  utbsi 
people  in  giving  impulse  to  boats  by  sculling. 

A  London  porter  is  aecuafomed  to  carry  a  burden  of  WO  pounds  at 
Che  rate  of  Iliree  miles  an  hour ;  and  s  couple  of  Irish  chairmen  will 
walk  four  miles  an  hour,  with  a  load  of  300  pounds.  But  these  ei- 
ertions  are  by  no  means  equivalent  to  those  of  the  sinewy  porters  in 
Turkej',  the  Levant,  and  other  parts  bordering  on  the  Medilernmesn, 
At  Constantinople,  an  Albsniao  will  carry  800  or  900  pounds  on  his 
back,  stooping  forward,  and  Bsaisting  his  st«pB  by  a  short  staff.  At 
MBraeilles,  four  porters  Gommonlj  auty  the  inmense  load  of  neailjr 
two  Ions,  by  meana  of  soil  hods  passing  over  their  heads,  and  reatiog 
on  theic  shoulders,  with  the  ends  of  the  poles  from  which  the  goods 
ore  suspended.  The  most  extraordinary  instances  of  masculor  exertion 
in  the  carriage  of  burdens  are  those  exhibited  by  the  cnrguetos  01 
Barriers,  a  class  of  men  in  the  mounlninouB  parts  of  Peru,  who  tie 
employed  in  carrying  travellers.  Humboldt,  in  relating  tlie  i 
stances  of  hia  descent  on  the  western  side  of  the  Cordillera 
Andes,  gives  some  account  of  the  cargueros.  It  ia  as  usual 
country  for  people  to  talk  of  going  a  journey  on  a  man's  back, 
io  England  to  speak  of  goinR  on  hursebaok.  Ko  bumitisting  . 
attached  Io  the  occupation  of  Oman-carrier  ;  and  those  who  engage  in 
it  are  not  Indiana,  hut  Mulattoes,  and  sometimes  whites.  The  uaull 
load  of  a  catguero  is  from  l(iO  to  180  pounds  weight,  and  tbusa  who 
;  will  carry  na  much  as  aiO  pounds,      Notn ithstaoding 

-_.7 — i.:_i  .1 ^  ^^^  exposed,  corrjiug  odcIi 

a  mountainous  country,  though 
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bncka  are  af^n  as  raw  sa  iLoso  of  bensts  of  burden,  tfioagb  tra- 
ra  bBTB  tonivtimea  the  cruelty  to  Uave  ihem  in  (lia  ibreHls  whan 
Ml  sicli,  and  (binig:h  tli^ir  Kunty  earninea  during  a  journey  of 
n  OF  eren  thirt;  days  are  not  more  tban  fram  Si.  lOi.  To  HI.  tbt,, 
'tbe  einpk>TTneDt  of  a  car^erois  eagerly  ambraced  hy  all  tbe  robual 
ig  mea  who  live  at  the  foot  of  the  niountaina." 
bo  different  racea  of  msnltind  disv'ay  mucb  diTeraity  of  muaoular 
Dglhi  tbougb  iu  all  cases  mucb  must  depend  on  tbe  conatitutiMi 
bbiu  of  tbe  individual.  M.  Peton,  in  bis  "  Voyi^  de  Decou- 
ea  BOX  Teiiea  Auatrales,  fait  pur  ordre  du  Gouvomement  [Fran- 
e;|^  pendant  Us  Ann^ea  I80()— 4,"  bas  alsted  tbe  lesults  of  some  in- 

lioal  power  of  individuala  of  different  notions.      For  that  purpoao 
laed  au  instrainentcalledsDynainanietec.nhish,bythea|>]dieation  J 
■piial  Bpringa,  to  a  graduated  scale,  afforded  the  menna  oreatiinat>3 
~  the  forces  eierted  bylhe  persona  who  were  tbe  snbjects  of  bia  ex*  ^ 
enti.    He  collected  by  tbii  method  s  number  of  tacts,  irhich  hv    ' 
ivBd  Bufficient  to  euable  him  to  deduce  iroai  them  tJie  medinni 
I  or  powers  of  eierlion  of  tlie  inhabitaota  of  the  Island  of  Timor, 
w  Holland,  andofVanDiemen's  Land,  andio  eomparelhem  with 
of  the  En^ish  and  the  French.      The  fallowing  la  the  order  of 
immenoing  with  Ihe   wealiest:     Manual  force — Van 
N.Holland,  Timor,  French,  Engliab.    The  proportiOQ 
sen  the  two  eitremes  is  nearly  aa  S  to  7.     Lumbo-dorsal  force, 
(  da  reiat) — ^tbe  order  tbe  same  aa  before ;  but  the  proportion 
ran  &B  extremes,  aa  5  to  H. 

« l^onr  of  s  hor«e  in  a  day  is  usually  reckoned  equal  to  Ihnt  of 
j_ta«i ;  but  then  the  borse  works  only  eight  boura,  while  a  man  can 
~  SQCinne  bia  eiertiuns  for  tea.  Horses  display  greater  power 
ing  tban  drawinir ;  yet  an  actire  walker  will  heat  them  in  a 
Ig  jonmey.  Their  e^ctive  force  in  traction  seldom  exceeds  144 
itua,  but  they  are  able  to  cany  aix  times  that  weight.  The  pack- 
in  tbe  Weat  Riding  of  Yorkshire  are  aocuatomed  to  convey 
if  4S0  pounds  over  a  billy  country ;  and  in  many  parla  of  Eng- 
I,  tbn  mill-borae  will  carry  the  burden  of  even  9JU  pounds,  fnr  a 
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sbort  diatance.  The  most  lulvunti^oui  Imd  far  a  hone  muat  be  that 
with  whicU  bis  speed  will  bogreutrsi  in  proportiaa  lo  tbn  weight  carrieil. 
Thus,  if  the  greateBt  gpoad  itt  «  hich  a  horse  cun  trayel  unlortded  bs 
B  greatest  weight  b 


die  rate  of  ilre  miles  uu  bour.  Tbe  i 
adapted  in  calonliiting  the  effect  oSat 
<ni.  It  is  stated  to  be  that  which  will 
the  height  of  one  foot,  in  a  minule  of 
]iound9  four  miles  in 


o  be  diTided  inla  S'ia  parts,  then  hi 


labour  wiU 


le  parts,  be  travels  *t 
ion  estimate  of  botse-power 
engines  ja  wliolly  bypotheli- 
e  a  weight  of  33,000  pounds 
9,  equal  to  raising-  about  90 
'         ■ '  lo  weight  ro 


pounds  raised  one  foot  iu  n  micule,  efiuivalent  to  100  pounds 
S\  milea  an  boar.  This  loode  of  calculation  suema  to  hsvs  beea  intro- 
duced Bs  a  matter  of  conrenience,  when  the  use  of  boraes  in  mills 
and  factorieH  was  snperseded  uy  that  of  Eteam-engines ;  and  must  hare 
been  adojiled  in  order  Id  show  the  anperiority  of  steam-engines  ofer 
horses  accoidiag  to  the  most  exaggerated  stalement  of  tbe  power  nf  iha 
Utter. 

Tbe  ess,  thongh  fur  inferior  to  the  horse  in  strength,  is  yet  a  most 
■ecviceable  beast  of  burdtn  to  the  [uwr.  as  he  is  easily  uaiutuiaed  ai 
little  coal,  In  this  country  an  naa  will  carry  about  iao  pounds  twenty 
miles  H  day  ;  bat  in  n-armer  climBtes,  where  ha  hecomos  n  Inrgur  ma 
£nec  animal,  he  mny  he  made  to  trot  or  ainhle  briskly  with  a  load  of 
150  pouuda.  Moles  am  inuoh  used  as  beasts  of  burden  in  Spain, 
Sonth  America,  and  aoine  other  psrta  of  the  world.  In  the  VVul 
ludiea  a  mule  will  work  two  hours  oat  of  about  eighteen,  witii  ■ 
foroe  of  about  150  pnuada,  walkiog  three  feet  in  one  seGond. 

Dogs  are  now  ftotiuently  used  for  draught  in  London,  and  other 
parts  of  England.  -The  Kamtschstdales,  Esquimaux,  and  some  otbei 
northern  people  employ  laams  of  do)(B  to  draw  aledgee  over  the  froaan 
sarfaae  nf  snow.  Tliey  are  hameased  in  aliae,  aametiiaes  to  tlie  nuai- 
berof  eight  or  ten,  and  they  perform  their  work  with  speed,  aleadi- 
nOBs,  and  peraeveranee.  Captain.  Lyon,  when  he  risited  the  Arclie 
regions,  had  nine  of  these  dogs,  who  dragged  16111  pounds  s  mile  in 
nine  minutes,  and  worVed  in  thia  msnoor  during  seven  or  eight  boon 
in  a  day.  Such  duga  will  draw  a  beaiyaledt^eto  a  considerable  dial 
at  the  rata  of  13  or  14  miles  an  hour  ;  and  they  will  trarel  long  jou 
:  half  that  rule,  snoh  of  them  pulling  the  weight  of  l30p<       ' 
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li^IliB  Blephinl  WHS  uied  by  the  Rohiibb  lor  the  purpussB  of  wiu,  at  it 
tfl  atill  in  IndiH,  and  othsr  orientid  coiiDtries.  Hia  strength  ii  reck' 
bned  equivBleat  to  tbat  of  aii  horsea,  but  ths  quantity  of  lood  bs  eon- 
Bumes  U  mucli  grsater  in  piopoctioD.  An  elapbiial  will  carry  a  load 
of  SOOO  or  MOO  pounds  ;  hia  OFdinuy  paoe  is  equal  lo  that  of  a  aloir- 
Irotting  bocau  ;  he  tnTela  esHily  40  or  AO  miles  a  day  ;  and  has  been 
knoim  to  go  110  milea  in  that  tiina. 

The  came)  ia  a  moat  valuable  beaat  of  buiden  on  the  aandy  plains  on 
Hfia  sides  of  tho  Red  Sea ;  tor  tcarereing  wbicli,  tbe  animal  might 
KiW  to  hare  been  expressly  created.  Some  camels  are  able  to  carTy 
^ttor  1£  hundred  weight;  olhers  not  more  than  6  or  7  ;  and  with  suob 
'  hads  Uiey  iriU  walk  at  the  rate  of  ^i  miles  an  liour,  and  travel  regu- 
larly about  .'30  miles  a  day,  for  many  days  togetbar,  being-  able  lo 
Bubaisc  eight  or  nine  days  without  water,  aad  idth  a  very  aoanty  sup- 
ply of  the  coarsest  provender. 

The  dromedary  is  a  smaller  species  of  camel,  chiefly  used  for  riding, 
being  csjiabU  of  travelling  tviili  greater  speed  than  the  larger  camel, 
but  not  equally  proof  against  exhaustion.  The  best  Arabian  camel  or 
dromedary,  after  three  whole  days  abatinence  from  water,  shows  maui- 
feat  Bymptoms  of  great  distress  ;  though  it  might  possibly  be  able  ta 
travei  £ve  daya  without  drinking;  which,  however,  oan  seldom  or  never 
ho  required,  as  it  appears  that,  in  the  different  routes  across  the  desert 
of  Aiabia  there  are  wells  not  more  at  the  utmost  thanSI  days' journey 
from  each  otber.  Exaggerated  alatemeuts  have  been  giv«n  of  the 
speed  of  this  animal ;  the  most  extraordinary  performance  of  which  the 
trareller  Burkhardt  ever  obtained  authentic  information  having  been  a 
Journey  of  115  miles  in  eleven  hours,  including  two  passages  across  the 
Nile  in  a  ferry-boat,  requiring  twenty  minatea  each.  The  same  tra- 
veller conjectured  tbat  the  aniinat  might  have  travelled  300  miles  in 
twenly'four  boura.  A  Bedouin  Arab  has  been  known  to  ride  express 
Irom  Cairo  to  Mecca,  7,i0  miles,  upon  a  dromedary,  in  five  days- 
Twelve  miles  an  hour  ia  the  utmost  troltiug-paoe  of  the  smaller  camel , 
and  thougb  it  may  gallop  9  miles  in  half  an  hour,  it  cannot  continue 
for  a  longer  time  that  unnatatal  pace.  It  ambles  easily  at  the 
I  H  miles  an  hour ;  and  if  fed  properly  every  evening,  or  e —  - 
'Jm  days,  it  will  continue  to  travel  at  "thai  rate  five  or  six  i 
■  alie  Lama,  or  Gnon 
RfPeruiandit 
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inhabitinti  of  that  cnunliy.  It  is  easily  tamed,  feeds  on  mosB.  sail 
being  admirebly  adapted  rortraTersingitBuauBllinunts,  thelaftj-AadEd, 
it  is  atill  emiiloyad  to  cany  goods.  The  HtroEgeat  of  these  animals  will 
IraTPl,  with  a  load  of  from  IM)  to  200  pounds,  about  fifteen  milea  a  day 
aver  the  roughest  mountaiog.  1'bere  is  a  smaller  Hnimal  of  a  ijmilar 
□atnre,  called  the  Paco8,  which  is  nlso  now  used  by  the  Peruvians  in 
transporting  merchandise  over  the  mountains;  hut  which  will  carry 
onlv  tiom  50  lo  70  pounda. 

Oien  have  been,  in  many  countries,  employed  in  the  labours  of  hna- 
bandry,  instead  of  horaea.  They  are,  howerer,  inferior,  not  onl/  on 
account  of  tfae  softness  of  their  hoofs,  which  renders  them  unfit  Tor  anr 
except  field  work,  bnt  likewise  as  being  comparatiialy  unprofitable.  A 
team  of  oien  capable  of  ploughing  as  much  land  aa  a  pair  of  horsea 
will  rofiuire  for  support  the  produce  of  one-fiiurth  more  land,  after  al- 
lowing for  the  itiurease  of  weight  and  ralue. 

In  some  parts  of  Europe  the  goat  is  made  to  labour,  by  treading  a 
wheel  ta  raise  ore  or  water  from  a  mine.  We  Boraetimaa  see  them,  in 
Englsnd.hamessedtomimuturecarri^ea  for  children;  and  in  Hollanil 
the  children  of  the  rich  burghers  are  thus  drawn  by  goats,  gaily  capa- 
risoned, and  yotied  lo  light  chariots.  The  rein-deer  of  Lapland  ia  a 
most  serviceable  benst  of  draught  in  the  frozen  regions  of  the  north. 
Two  of  these  dear,  harnessi^d  to  a  sledge  far  one  person,  trill  run  aO  or 
60  miles  on  the  stretch  ;  and  they  have  been  known  lo  travel  thus  1  IS 
miles  in  the  course  of  a  day. 
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BV  HYDROSTATICS  18  COMMONLY  IWDERSTOOD  THAT  PART  OP  NATURAL  PHILO- 
SOPHY WHICH  CONSIDERS  THE  EQUILIBRIUM  AND  PRESSURE  OP.  PLUIDS  IN  OENE- 
KAL,  THOUGH  THAT  WORD  SEEMS  TO  BE  RESTRAINED  TO  WATER,  WHICH  IS  A 
PARTICULAR  FLUID  AND  THE  MOST  OBVIOUS  OF  ALL  FLUIDS,  AND  BY  MEANS  OF 
WHICH  WE  SHALL  MAKE  OUT  MOST  OF  OUR  FOLLOWING  CONCLUSIONS.  FOR 
WHATEVER  CAN  BE  PROVED  BY  EXPERIMENTS  AND  REASON  TO  BELONG  TO  ANY 
ONE  BODY,  WHICH  IS  BOTH  FLUID  AND  HEAVY,  UPON  ACCOUNT  OF  ITS  BEING 
FLUID  AND  HEAVY,  MUST  BELONG  TO  ALL  OTHER  BODIES  WHICH  ARE  FLUID 
AND   HEA^T. 

Cotes^s  Hydrostatical  and  Pnevmatical  Lectures. 


HYDROSTATICS. 

tlie  icisDce  ol  Mechnnics  treats  of  the  phoiiDmenB  depending  on 
rCiea  of  weight  and  mobility  in  solid  bodies,  so  HydrostHtJes 
tha  peculiar  effeete  of  the  waigiit  »nd  mobility  of  liquids, 
hydrostatics  properly  denotes  the  atiibility  of  WBler  ;"  or  in  a 
msire  acce))Uition,  the  presanre  and  equilibrium  of  liquids  nt 
The  effects  prodnced  by  the  floniitg  of  water  or  any  otlierliiguid, 
■omctimes  been  regarded  as  appertaining  to  a  distinct  depBrlment 
Bind  philosophy,  munad  Hydraulics;*  and  oocasionally  the  whole 
itie  olmecbanicsl  science  as  applicable  to  liquids  has  been  treatf  d 

n  the  Greek IfSMp,  water,  and  Srdoic, '"'SraToe,!! 
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of  under  the  deHignsUoiiofHydrodjnunicBi'ivhicb,  however,  leema  to 
poaeeBS  no  sucb  pecalinr  pn)]>riety  iiB  to  vponant  iu  general  adoption  ; 
and  therefore  the  term  HydroataticB  may  be  retained  as  denotmg  the 
science  ichose  object  is  to  explain  the  pheDomena  arising  from  the 
influence  of  gmvitstion  oa  water  and  other  Uquide,  whether  in  the 
stute  of  rest  or  ia  that  of  molioa. 

Liquids  differ  in  some  of  their  distingiiishing  properties  from  eolidi, 
Jind  in  others  from  gasea  or  aerial  fluids ;  tunning  an  intermediate 
clues  of  bodies.  A  solid,  by  the  disintegration  of  its  parts,  may  be  re- 
duced to  a  stale  bearing  some  reaemblance  to  that  of  a  liquid  ;  ifaiu 
fine  Band  or  any  light  powder  will  yield  to  preaaura,  in  every  directioii, 
almost  as  readily  as  water  ;  but  the  resemblance  ia  still  extremely  im- 
perfect. Viscous  fluids,  as  trala-oil,  or  treacle,  npproacli  to  the  nature 
of  solids ;  and  indeed  the  distinctiDn  between  such  liquid  eubstances 
and  some  of  the  aofier  solids,  as  batter  or  honey,  depends  much  on 
their  relation  to  beat,  their  consiBtence  or  relative  density  varying  with 
the  temperatnre  to  which  the;  are  exposed.  As  the  effect  of  temperature 
on  different  bodies  will  constitute  the  subject  of  o  separate  treatise,  it 
will  be  sufficient  at  present  to  state  that  the  peculiar  degrees  of  density 
and  tenacity  of  unorganised  subslanaes,  oonstitutiug  the  respective 
states  of  solidity  and  fluidity,  with  their  various  modifications,  seem  to 
be  DbieSj  influenced  by  heat  and  pressure  j  bo  that  s  particular  sab- 
slance,  as  water,  may  exist  under  different  forms,  depending  on  the  oir- 
curostances  in  which  it  is  placed.  Thus  a  certain  deg;reo  of  cold  will 
cdurecl  water  into  a  hard  solid,  as  ice  or  boil,  which  when  melted  by 
heul  pFodnoes  a  liquid,  differing  in  no  respect  from  the  water  of 
which  it  was  formed ;  and  this,  when  exposed  to  a  sufficiently  bi^h 
lemperature,  will  evaporate  or  become  steam,  which  may  be  i^aiD 
condensed  or  restored  to  the  liquid  stale  by  cold.  Mercury  commonly 
occurs  in  the  form  of  a  very  dense  liquid ;  but  it  may,  like  water,  be 
oondonsed  or  (roien  by  exposure  to  an  extremely  low  temperature,  snil 
lie  made  to  boil  or  evaporate  by  subjecting  it  to  a  greal  degree  of  heoL 
The  other  metals  differ  &om  mercury  only  in  remaining  solid  in  hjghar 
temperatures  then  that  subBIance-,  but  they  all  melt  with  varioua  d»- 
grees  of  heat,  and  become  sublimed  or  evaporated  when  the  li«Hi» 
^eslly  raised  above  the  melting  point. 

•  From'Wup,  anrl  Airva/itc,  power. 
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Since  thea  tbe  snme  kind  of  mstter  may  eiisl  unilaT  (lifltjrenC  states 
Ot  fenns,  it  fbllowB  that  iiquicisinust  be  composed  of  tliesame  pnrtiolea 
■I  sdidBi  and  the  difference  between  *  liquid  und  a  solid  may  be  cod- 
OMTsd  to  BiisB,  merslf ,  from  peculiar  modificslioas  of  tiie  coheaiva  at- 
tnution  wbioli  takea  place  between  the  conadtuent  molecules  or  puti- 
dea  of  sncb  bodies  respeotivel;.  The  pDiticles  of  elastic  solids  must 
be  capable  of  a  sort  of  vibratory  motion,  from  suddsa  presaura,  but 
(bey  will  always  resmoe  ihe  same  position  as  soon  as  the  vihiatioii 
wases.  nnless  it  be  so  violent  as  to  oocosion  a  permanent  separation 
of  tbe  parlicleB.  wbeu  the  solid  becomes  broken  or  pulvoriied.  Now 
liquidB  liave  their  constituent  particlea  held  together,  like  those  of 
■olids,  by  cohesive  ittraction,  but  they  oicillste  on  the  application  of 
tbe  slightest  impulse  ;  and  there  seems  to  be  such  a  general  relation 
of  >U  the  particles  to  each  other,  that  when  the  connexion  between 
aaj  two  partiolea  is  broken,  hy  shaking  or  utherwiae  agitating  the  mass 
oTwIuch  they  fdnn  a  jiottioo,  they  readily  become  attracted  by  any 
Other  pulicles  with  which  they  nuiy  happen  ta  oomo  iu  contact,  new 
eoheaions  take  place,  and  when  the  disturbing  force  ia  removed,  the 
EenerBl  equilibrium  ia  restored  throughout  the  liquid  mass. 

Th«  cohesive  Bttraolion  between  the  particles  of  liquids  is  demon- 
■trMed  bj  the  globular  figure  wbich  tbey  assume,  when  no  eilemal  force 
tDterferea  with  the  aggregation  of  the  mass.  This  appears  in  the  case 
of  mercury  tbruwn  in  smell  portions  on  a  china  plate,  or  on  any  surface 
trhUli  eurcises  on  it  no  chemical  attraction  ;  when  the  nunute  por- 
tions, iiito  which  it  will  become  separated,  will  be  found  to  be  perfect 
l^erulpB,  tbe  larj^er  ones  only  being  sightly  flsltened  by  tbe  pressure 

-  leil  by  their  own  weight  on  the  plate.     Similar  spUerulea,  con' 

)f  drops  of  water,  are  formed  by  den- or  raio  on  the  brood  leaves 
I  kinds  of  vegetsbles,  as  those  of  tbe  common  colewort  or  cab- 
If  however  the  drops  become  large,  as  when  two  or  three  run 
r,  they  spread  out  at  the  edges,  sinking  donn,  and  becoming 
^'iKlened,  partly  through  their  own  weight,  and  partly  owing  to  the 
mtnctioa  between  the  water  and  tbe  auriiice  of  the  leaf. 
*  Tbe  general  appearance  or  figure  which  liqoids  assume  when  at  rest 
%  the  joint  effectof  the  extreme  mobility  of  (heir  conslituont  partielea. 
Of  Ihe  gravitation  of  liquid  masses,  and  of  iheir  attraction  for  the  solids 
on  which  they  are  guitaiued.  Hence  when  a  liquid  in  any  consider- 
jWe  quantity  is  poured  into  a  Tessel  of  any  shape  whatever,  it  adapts 


ilBsIf  BiactJy  to  the  interoal  Hurfnce  of  the  tesael,  tbe  superior  or  un- 
coofined  eurface  of  the  liquid  forming  en  faorixontal  plane,  nsuallj 
ntsed  s  little  at  tbe  aides  or  border  of  the  Teeael,  where  the  liquid  ia 
attracled  bj  the  contunint:  solid  withwhichitcomesincontBct.  When 
an  immenie  maaa  of  Uquid  prcaenta  a  continued  suriace,  its  form  will 
be  a  portion  of  a  ceniei  sphere;  because  the  collective  gravitBlion  of 
all  its  pBrticles  towards  ihe  centre  of  the  eutb  causes  it  to  purtalie  of 
ibe  general  figure  of  the  terrestrial  globe.  This  indeed  will  lie  the 
case  with  companiiirely  smaH  bodies  of  liquid;  bat  when  it  is  coD- 
sidered  ibst  the  radius  of  the  sphere,  of  which  any  such  liquid  sorlace 
Ibnned  a  part,  would  be  equal  to  half  the  diameter  of  the  earth,  it  mDSt 
be  manifest  that  the  difTetence  betweeo  the  Burlsee  of  n  amall  porlioii 
uf  auch  aapbere  and  on  horiioncal  plane  would  be  coo  incoDBiderable  to 
be  distin^iahed.  Vaal  collections  of  water,  howerer,  as  the  opeu  sea, 
afford  deeisii'e  indications  of  superficial  curvature,  among  the  moit 
striking  of  wliicli  is  tbe  fact  that  when  a  vessel  £rst  comes  in  sight  its 
mast-head  alone  is  risible,  and  the  lower  parts  appear  auccessivelj  la 
it  approaches  the  observer,  rising  asitwereoutuftheboaomof  thedeep. 
Among  the  properties  in  which  liquids  difier  moat  renurkably  from 
gases  is  (lie  power  of  suaCEining  preasuio  to  a  considerable  eiteni, 
wtlboot  undergoing  aay  obvious  change  of  volume.      Common  air, 

auani,  and  other  elaHtic  Suida,  as  they  nre  termed,  may  be  compiesHed 

by  very  moderate  force,  and  on  its  removal  they  expaod  to  tbeir  origi- 
nal dimensions,  as  may  be  ascertained  by  squeezing  a  blown  bladder: 
but  a  leather  bag  or  strong  bladder  filled  with  water,  and  aeoured  su 
that  none  of  the  liquid  can  escape,  may  be  burst  by  forcible  compres- 
sion, but  cannot  be  made  to  exiiibil  any  sensible  degree  of  contraction. 
Such  indeed  is  the  extraordinary  resistance  of  water,  when  subjected 
10  pressure  an  all  sides,  that  it  was  long  regarded  as  absolutely  incom- 
pressible. This  opinion  was  partly  founded  on  an  experiment  madein 
the  Biileenth  century,  by  the  members  of  a  scientific  society  at  Flo- 
rence, called  Actidemia  del  Cimento.  These  philosophers  conceived 
the  idea  of  inclosing  a  quantity  of  water  in  a  hollow  globe  of  beaten 
gold,  and  exposing  it  to  the  powerRil  action  of  a  screw  press,  wben  it 
waa  found  that  the  wnter  was  forced  through  the  pores  of  the  gold  ball 
or  case,  standing  in  drops  liie  dew  on  its  fliterior  surface.  But  this 
experiment  can  by  no  means  be  considered  as  demonstrating  Ihe  enpr* 
—  impressibility  of  the  liquid;  for  though  it  obviously  displayed  vMl 
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9  iHid  belbre  the  KoyHl  Society, 
/  ftlc.  Jacob  Perkina,  nf  aome  eipeiimeatB  from  which  he  infcTred 
that  ?rat8r  had  Buffered  a  oompreHMDH  of  uhout  one  per  cent  of  its  hulk 
by  a  pleasure  ei^ual  to  100  Btinospherai ;  and  in  other  experiraentB  the 
oonipressing  force  was  au^entod  to  3^6  atmosphecea,  which  caused 
a-coatiactiaii  of  tlm  liquid  to  the  amoiuit  of  uearly  3i  per  cent.  Tbeae 
reaulLs  were  ohtaiiied  by  iucluding  water  in  the  cavity  of  a  cannon, 
liied  Tertically  in  the  earth,  and  dri»ing  more  water  into  it  with  ■ 
forcing  pump ;  and  corresponding  eiperimenta  were  mnda  by  ainkiog 
water  ioulused  in  a  proper  apparatus  to  a  great  depth  beneath  the  sur- 
face nf  the  sea,  and  observing  the  degree  of  compresaioD  it  had  under* 
gxjDe.*  These  operatioiia,  however,  could  not  be  regarded  as  equally 
accurate  with  thoee  previoaaly  described  ;  tlioug:h  the  deductions  from 
them  have  been  corroborated  by  the  result  of  BubBequent  investigBtioi]. 
In  .18S6,  Mr.  Perkiua  made  public  other  experimeuts  an  titie  campreB- 
flion  of  water,  of  which  also  an  account  appeared  in  the  I'hitotapbical 
Transactiona.  Ibe  machine  he  employed  was  composed  of  a  cylinder 
of  gUD-metal,  34  inches  in  length,  and  having  an  internal  cavity  to 
which  was  adapted  a  steel  ]mmp,  with  a  water-tiKht  piston,  by  mesiw 
of  which  water  could  be  injected  into  the  body  of  the  cylioder.  A  lersr 
appsratDB  was  properly  Bcneied  for  the  purpose  of  measuriag  the  de* 
gree  of  pressure ;  and  so  adjusted  that  the  number  of  pounds  prassiiig 
on  its  piston  indicated  exactly  the  number  of  atmospherea  equivolaac 
to  the  degree  of  compression.  That  part  of  the  apparatus  in  wbicb  the 
liquid  is  enclosed,  the  condensation  of  which  is  to  he  measured,  is  called 
by  the  eiparimentaliat  a  pieaomater.t  It  consists  of  a  strong  glass  tube, 
eight  inches  in  length,  and  half  an  inch  in  diameter,  closed  at  one  ex- 
tremity and  open  at  the  oilier.  This  lube  must  be  carefolly  filled  witb 
water  freed  fnim  eir,  and  being  inverted  wbile  the  water  is  prevented 
from  escaping  hy  the  application  of  a  thin  membrane  to  its  mouth,  it 
must  be  inaerted  in  a  wider  tube  or  glass,  the  upper  part  of  which  is 
filled  with  water,  and  ^e  lower  part  with  mercury :  the  small  tuba 
contains  a  hair  spring  pressing  againat  its  interior  surface,  ao  as  to  le- 
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1(8  pOBitioD.  wlien  Ebrced  upwiril ;  Hud  this  spring  is  in 
iritli  a  stsel  disk  maving-  htelj  in  the  appei  lube,  and  from 

ight  Bupporled  by  tbe  anrfece  of  the  merenrj  below.     Afnad» 
^  wire  letaina  tlie  amoU  tube  in  its  aituntion  ;  ixnd  the  pieiometei 
thus  arranged  is  introdaced  into  tbereceiretof  tbe  compnissoi, 
with  wster  Bl  a  temperatare  of  50  degrees,  wben  the  pump  being 
^  .         -    lyrequired  degree  of  pregBure  may  be  applied, 

JlfLMi  the  eiperiment  waa  carafoUj  condnctod  it  was  found  that  water, 
jtiuler  the  influence  of  a  force  equal  to  2U00  aunospLeTes,  was  dimi- 
Matiedbj  a  P^  ^  indicated  by  tlie  situation  of  the  spring.* 

Tbough  it  is  manifest,  from  the  preceding  statements,  that  liquids  un- 
dergo great  campressioD  under  certain  circamstances,  yet  the  degree  of 


npreasibility  of 


jiH^ta 


gtber 


}  sensible  elTect  ii 


JBntioD.  in  ordinary  CE 

fcu. 

Liquids  in  general  possess  the  property  of  elasticity  ;  but  like  solids, 
me  of  tliem  dipUy  that  property  to  a  greater  extent  thau  others, 
Iwu  ■  solid  disk,  as  on  oyster-shell  or  a  dat  stone,  is  made  to  strike 
B  surface  of  water  at  a  small  angle,  ds  in  tbe  sport  which  schoolboys 
]1  makinB  ducVs  and  drnkea,  the  solid  will  rebound  from  tbe  water 
idi  considerable  force  and  frequency.  So  n  masket-ball  impinging  ob- 
f nely  DQ  wnter  wili  take  a  zigzag  course,  tn  Ticochil,  as  tbe  FreDchei' 
~      ''.     Water  dashed  against  a  hard  surface,  as  when  it  is  poured 
tbe  side  of  a  china  basin,  or  let  fall  on  a  plate,  sbows  its  elastic 
by  flying  off  indrnps  iu  Bngular  directions.    Experiments  on  tbe 
ity  of  drops  of  wstar,  spirit  of  wine,  or  any  similar  liquid,  may 
le  iu  a  sballow  wooden  box,  baring  its  bottom  aud  sides  thinly 
terered  with  any  light  insoluble  powder  i  for  the  drops  on  being  im- 
pelled Bgainst  tbe  aide  of  the  box,  oi  even  iigsinst  each  other,  will  re- 
bound like  miaiature  ertcket  balls  or  marbles.     Meronir  is  yet  more 
alaslic,  aa  might  be  shown  by  placing  a  small  quantity  of  it  in  a  little 
ciaa  made  by  bending  at  right  angles  the  aides  of  a  common  playing 
card ;  mid  an  incUnlag  it  so  as  to  make  the  metallic  flnid  stnke  one  of 
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tlie  raised  aides  of  the  CBid,  tlie  sliiniDg  globatea  would  recede  with  ■ 
velocilj  propoctioiied  to  the  violence  of  the  shock.  The  nffeetB  thus 
«ihibited  appear  to  he  extremely  fiimilor  to  thoae  ohserred  in  the  coae 
of  elastic  solidg.  A  globule  of  marcory  impinging  od  a  hard  surfsca 
becomes  Eligbtly  fiatteoed,  but  iastantaneouBly  lesuming  its  curred 
figure,  it  recoils  like  a  beat  sprine  suddeoly  liberated.  In  some  hy. 
draalio  operations  the  elasticity  of  liquids  becomes  a  properly  of  con- 
Kiderable  importance,  varioualy  augmenting  or  modifying  the 
force  of  particular  kinds  of  machinery. 


WiighC  and  Frisavre  of  Liquids. 


Among  the  abaurd  doctrines  heretofore  genendly  received,  but 
which  hare  been  exploded  by  the  light  of  modem  philosophy,  mnst  be 
reckoned  that  of  the  non-grsTitatton  of  the  particles  of  liquids  on  each 
other.  That  liquids  as  well  as  solids  possess  weight  was  never  de. 
nied  ;  siuca  every  one  must  have  learnt  from  eipeneace  tliat  a  cop  or 
a  buckn  filled  with  water  would  require  a  greater  exertion  of  fores  (o 
lift  it  than  when  the  walar  waa  removed.     But  it  was  obaerved  that  in 

drawing  wHi«r  froin  a  wall,  so  long  as  Ibe  bucket  remained  imdw 
water  vary  little  effort  was  required  to  raise  it,  while  as  aoon  as  it 
emerged  from  the  surface  of  the  liquid,  the  loaded  bucket  would  press 
downward  wilh  a  force  proportioQ«l  lothequantity  of  water  containad 
in  it.  Tfaia,  and  the  general  observation  that  heavy  bodies  were  easily 
raised  while  under  water,  gave  rise  to  the  raguo  idea  that  a  liqnid  did 
not  gravitate  in  its  own  element,  and  that  therelbre  a  body  surrounded 
by  any  liquid  was  destitute  of  weight.  The  following  experiment  suffi- 
ciently proves  that  this  is  not  the  case.  Let  a  strong  phial,  with  a  stop- 
cock fitted  to  it,  be  exhausted  by  means  of  an  air-pump,  and  the  suqi- 
cock  being  turned  let  it  he  suspended  from  one  arm  of  a  bnUnoe,  lo 
that  it  may  he  entirely  immersed  in  a  vessel  of  nater,  weights  being 
placed  in  the  opposite  scale  of  the  balance  to  keep  it  in  equilibriom ; 
then  if  the  stop-oock  be  opened  the  water  will  fiow  in  and  fill  tlie  phial, 
which  will  immediately  sink,  and  Co  restore  the  equilibrium  Hia  ai  "  ~ 
weight  must  be  added  that  would  counterpoise  the  water  it  coi 
weighed  alone  :  thna,  if  tbe  bottle  would  hold  exactly  four  ot 
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witei,  a  K-eight  of  four  ounces  vould  be  required  (o  mske  llie  baUace 
■tand  eren  as  st  first. 

The  cpps£«aL  diminutioa  of  the  weight  of  bodies  under  water  is 
owing  to  the  partieles  of  the  liquid  masa  grBTiwtiiw  equallj*  ia  srery 
diractioii  J  BO  thu  the  interior  portioas  of  any  liquid,  or  of  solids  im- 
mersed in  liquids,  are  iubjecled  to  the  suae  degree  of  preHure  on  ■[! 
•idss-,  and  therefore  a  body  sarrouniled  by  water  is  partiolly  supported 
by  it,  aod  conirequentlv  may  be  raised  through  the  liquid  with  greater 
esse  than  in  the  sir,  a  ^uid,  tlie  relative  density  of  which  ia  ho  very  ia- 
considerablo.  Liquids  are  Dot  less  powerfully  ufiected  by  gravitative 
sttiaclion  than  solids,  but  ibey  exhibit  different  appearaDceH  under  its 
influence,  owingto  their  being  conatituted  differently,  so  that  their  per- 
ticlea  movB  fteely  and  almost  independently  of  each  other.  All  the 
conatitueDt  paitictt.'B  of  a  aolid  are  Eitmly  connected,  and  they  thus  act 
frith  combined  eflect  in  producing  pressure  or  impact ;  but  a  liquid 
yields  to  farce  in  any  direction,  and  ia  liable  to  be  separated  into  amall 
masses,  the  effect  of  wbioh  is  compsrstively  incoDsiderahle.  A  basin 
of  water  poured  trom  s  great  height  on  a  man's  head  would  hardly  be 
leh  more  than  a  current  of  rain  ;  but  if  the  contenta  of  the  basin,  snp- 
poaing  it  to  hold  a  quart,  were  suddenly  changed  to  a  solid  masa  of  ice. 
it  might  ocoasiun  a  fracture  of  tLe  skull.  But  though  a  liquid  in  falling 
becomes  almost  dissipated  through  the  reaialance  of  the  atmosphere,  it 
displays  great  Force  when  it  can  be  made  to  act  in  a  continuous  column. 
Heooe  the  power  of  a  mill-stream  in  turning  large  wheels  either  by 
weight  or  pressure  ;  and  the  tremendous  violence  of  a  cataract,  sweep- 
iog  away  great  stones  or  other  ponderous  masses  which  may  present 
any  obsCruction  to  its  impetuous  course. 

The  effect  of  a  liquid  mass  when  its  particles  are  protected  from  dis- 
persion, and  thus  enabled  to  act  in  concert,  like  those  of  a  solid  body, 
may  be  amusingly  illustrated  by  means  of  the  little  instrument  colled  a 
water-bam mer.     It  consists  of  a  strong  glass  tube,  about  twelve  inches 
long,  and  nine  or  (en  tinea  in  diameter,  having  three  or  four  inchea  of 
water  included  in  it ;  which  being  roade  to  boil  and  form  steam  by  the 
application  of  a  proper  heat,  the  tube  must  be  hermetically  sealed  by- 
means  of  anenameller's  lamp  and  a  blow-pipe,  so  that  when  it  becomes 
I       cool,  B  vacuum  will  be  ibrmed  above  the  water  by  the  cnndeoaation  of 
I       Ibe  included  steam.    On  shaking  such  a  tube  vertically  the  water,  rising 
I      a  few  inches  and  siuking  suddenly  to  the  bottom  of  the  tube,  produoes 
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■  Eoand  like  that  arising  from  the  stroke  of  a  small  hfinmiBT  OD  a  hnj 
body,  wbuDCe  tbe  name  of  tliia  iiiBtrument,  [he  action  of  which  depuidl 
eatirelj  on  the  eiciasioa  of  the  air,  so  that  the  water  mores  in  ■  dMtM 

The  preBaure  of  liquide  extending  equallj  in  all  directlonB,  liMIMI 
liquid  mass  will  have  all  pmtfl  of  its  aurfiico  at  iho  aaniB  level,  whaKWf 
be  the  fonoaf  the  ressel  in  which  it  is  oontained,  so  loDgaa  tliera  it  a. 
free  comaiiiiiiciilion  throu»Luut. 


In  dwpreeedinB!i',!ui>>l'.'t  A  \ 
at  the  two  raised  exin'riiilius,  iiii 
the  horiuinlal  lin"  ;  tlit>ii  .111 
C,  D,  E,  F,  open  at  both  ends,  ti 
vessel  with  their  upper  I 


i"^<.'nta  glasa  resBel  closed  eXMfit 
■il  u  ith  waler  to  a  height  aboTO 
four  ditteientlj  ahapeit  tabu 
79erted  in  the  ohlong  part  of  (hs 
t  rising  so  big!)  ua  those  standing 


sing  equallj  in  all  the  tnbes,  and  spaating 
in  the  Bide  tubes  to  the  level  of  the  31 


It  the  sides  ;  it  will  be  found  that  the  liquid  will  pnss  Inteially  ii 
tube  C,  ascend  dirattly  in  D.and  circaitoueljr  i"  "  ■  ■  ■-  ■ 
scends  and  ascends  in  F, 
□at  till  the  water  Ls  redoced  11: 
of  the  internal  ones,  when  the  equilibrioni  being  establiidied  the  liquid 
will  remain  at  rest.  Thus  it  follows  that  any  nuoibei  of  columns  of  > 
liquid,  freely  communicating,  whotever  may  he  thmt  respective  diame- 
ters aud  figures  will  always  have  the  same  vertical  height. 

Yet  though  all  the  particles  of  a  liquid  mnsa  will  press  equallj  ou 
eneb  other,  it  must  be  manifest  that  the  cnlleclive  weight  will  be  pro- 
portioned to  the  deptli  beneath  the  suiface.  so  that  the  bottom  of  thu 
containing  vessel  necessarily  sustuins  the  w<;ight  of  a  colami 
the  greoMst  vertical  height  of  the  liquid  with  an  area  e<]UB]  ti 
the  bsM  itself. 


o  h>TiM 

1 


If  the  resseU  A,  B,  C,  D,  and  E,  have  traler  poured  into  them  in 
•QCb  qauitities  Ibat  it  tnay  stiuid  at  tbe  SHme  height  in  euch,  Che  pres- 
ir  bases  reapectifely  will  be  sb  tbeseTerBlcalumns  mnrked 
13  3  4,     Henca  the  amount  of  the  pressure  of  any  liquii 


deal  height  3t  which 


itaads  bj  Ibe 


ts  base.  Thus  suppose  the  watei 
'to  itaad  St  Ihe  height  of  four  inches,  and  tbe  diameter  of  (he  base  lobs 
^ht  inches,  the  pressure  will  be  flijual  to  thirly-lwo  iuches  of  the 
fluid ;  but  if  the  water  should  stand  at  the  uuua  height  in  tbe  veswl  C, 
tliSTing  a  base  on);  half  tbe  diameter  of  (he  former,  the  pressure  will  be 
I.  .  i  -'•■  fiif^y  aiiteen  inches,  though  the  capacityof  both  vessels  may 
tly  the  same.  The  diameter  of  a  vertical  column  conununi- 
rilh  an  eiteuded  base  may  be  relatively  inconsiderable,  as  in 
iding  which  it  will  causa  the  same  degree  of 
ire  as  a  column  oi  the  same  height  wi(h  a  diameter  corresponding 
base  throughout. 

B  effect  of  die  vertical  pressure  of  liquids  may  be  Torioualy  eibi- 

■nd  its  results  ace  curious  and  important.     Hence  the  principle 

Tolnng  the  peculiar  mode  of  preseure  of  liquid  masses  baa  been 

id  (he  Hydrostatic  Parados. 

'     illustrated  by  the  fol- 


<g  eipen 


or  wide-mouthed  jar,  tiled  w 
water,  be  poised  by  hanging  it  to 
the  arm  ofa  balance, and  loading: 
tbe  opposite  scale  witli  (he  requi- 
site weights ;  then  aiier  marking 
exactly  (he  height  at  which  the 
liquid  Btands.  jioqi  ovAa^M'.sS. 
it,  and  plunge  inlo  flio  m^irt.  i^ 
,jgf,  A  Bonictl  Uoci  of  wood,  Mpporliog  it  willi  the  W^  oi'^li  m-%Bi>^ 
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oflhe  appsrstuB  ceprewalpd  in  tlie  anneinl  B^rure.ukingcor?  thu  the 
block  «ball  not  tooch  thesiilesor  bonom  of  the  jar.  If  it  be  planed  jusi 
deep  enougb  to  raise  Ibe  remaining  liquid  id  the  wune  height  bb  at  Biat, 
the  balunca  will  be  again  exactly  equipoieed  ;  and  tbe  blofk  mav  be  aa 
iDrga  uto  leave  onlj-s  thin  fllm  or  LoUow  cylinder  of  the  fluid  witbouc 
at  all  ilistnrbing  the  eqailibhuiu.  It  ia  of  no  couaequeuce  vhal  ia  the 
weight  or  shape  oftbe  body  iatroduced,  for  a  piece  of  cork  or  a  blcnro 
bladder  beld  in  the  jarvrill  produce  the  same  effect,  if  its  bullc  beaufti- 
oieat  to  raise  ibe  water  to  the  rmuirsd  height, 

'i'bere  ia  another  striking:  mode  of  illnBtraling  the  effect  of  liquid 
pr«t9ure,  by  mesne  of  ■  kind  of  machine  called  the  Hydrostatic 
Itollowg,  a  figure  of  which  may  be  seen  in  the  moii^n.  It  iscompoied 
or  two  Kat  boards  united  at  the  sides  by  flexible  lea- 
ther, mid  haripg  a  long  narrow  vertical  tube,  comEDU- 
nicating-  with  the  cavity,  with  a  funnel  at  the  top,  for 
the  convenience  of  pouring  in  water  or  any  other 
fluid  ;  and  a  short  lateral  tube  wilb  a  Btap-pock  nuv 
ba  added  to  discharge  the  water  occaaioaallv.  ft 
now  water  be  poureri  into  the  long  tube  it  will  fill 
the  cavity  nnd  cooaeqiienlty  aeparaie  the  boards, 
imd  by  addini;  more  water  the  instrument  may  be 
iiik(Ib  la  support  any  giren  weight,  in  proportion 
he  height  of  the  vertical  colnioa.  Suppose  the 
-ds  to  be  sbout  3S0  inches  soperlicial  meaBur«, 
'  ouucea  of  water,  alaading  at  the  height  of  three 
in  the  lul>e,  will  keep  the  boards  separated  when 
loaded  with  three  hundred  wei^t,  or  336  pouadi. 
li  standing  on  the  upper  board,  one  of  them  by  blowiD;; 
luio  the  tube  may  fill  the  cavity  with  air  inatead  of  water,  so  as  to 
raise  the  board  on  vrhich  they  stand,  and  by  stopping  the  pipe  with  the 
linger  to  prevent  the  air  Irom  escaping,  theymay  keep  Ihemaelves  sup- 
ported ;  or  hv  openiug  the  slop-cock  in  the  side  tube,  and  continuing 
to  blow  into  ibe  other,  they  might  keep  up  a  regular  blast  like  tlial  from 
a  double  bellows. 

The  force  of  water  pressing  on  on  extended  surface  by  means  of  a 
imsU  vertical  tnbe  maybe  shown  by  fixing  such  atobetn  a  water-tight 
CNsk  or  other  close  ressel,  which,  whatever  its  strength,  might  be  burst 
by  tilling  it  with  liquid,  and  adding  more  Ibrough  the  tube,  lili  the 
weight  of  the  columu  became  too  great  to  be  supported  by  the  aides  of 


Two 
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ILecisk.  Theeffect  depends  nbollyoDtbe  heigbt  of  the  tube,  its  ilia- 
eler  beiog  immateriul.  A  hc^aheud  filled  with  water  Bad  expoai^d  to 
«  prBssure  of  a  cotujnn  in  a  narrow  tube,  tweiily  feat  high,  would 
irat  with  ^eal  violanee. 

Astonishing  effects  tie  Bometiiaes  produced  by  the  presaare  of  water 

■dified  in  the  nay  alre^y  deBCribeil.     As  when  n  shallow  bod^  of 

tar  18  coUeotcd  in  u  dIobb  aavitj  under  ground,  if  n  narrow  opening 

made  from  a  higher  aurfiice  communicHting  with  tho  cavity,  and  it 

raid  beoomo  filled  by  rain  or  snow  water,  whatevei  might  be  tho  form 

Afl  aperture,  if  it  was  water-tight,  as  aoon  as  theoonuDnnicatioDwBa 

between  the  tube-like  opening  and  the  mrity,  preaanre  would 

place  in  STery  directiDD,  in  a  degree  jiroportioned  to  the  vertical 

_ht  of  tbe  opening  and  the  area  of  the  canty ;  in  Donsequenca  nf  whidi 

tbesnperincnmbent  mugg  might  he  rent  from  its  foundation,  and  a  large 

draildiog  or  even  a  mountain  might  be  overthrown,  as  by  an  earthquake. 

llie  priaciple  of  hydraetalic  pressure  wag  discovered,  or  at  least 

rat  autisfiictorily  demonstrated,  by  tbe  celebrated  Pascal,  about  the 

Viddle  of  the  seventeenth  century  ;  and  he  showed  how  an  engine 

%igbt  be  constructed,  acting  through  the  force  of  a  column  of  water, 

tj  meaiiH  of  which  one  men  pressing  on  a  Bmall  piston  might  countei^ 

""' the  efforta  of  one  hundred  men  brought  to  bear  on  the  eurface 

piston.  Yet  natwitlistandiug  the  distinct  description  of  what 
the  ingenious  dlacoverer  terms  "a 
new  machine  for  mntdplying  farces 
to  anyieqnired  extent,  'more  than 
a  century  and  a  half  elapsed  before  tho 
idea  was  fully  developed,  and  applied 
to  practical  purjioses,  by  Mr.  Bramah, 
the  eneioeet,  in  the  construction  of 
bis  hydniatatic  press, 

Th'is  machine  consists  of  a  solid 
mass  of  masonry  or  strong  wood-work, 
E  F,  firmly  fixed ;  and  connected  by 
uprights  with  a  cross-beam.  B  re- 
presents 3  strong  table,  moving  verti- 
cally in  grooves  botweeu  the  uprightl 


•  Pascal  Traitf 


'e  ojieainK  imvaids  it  1,  sad  U  is  a  lerei  nhich  worka  tbe  piMca 
of  the  imall  foroing-pump  C  H,  by  whiifa  water  is  drawn  from  ilie  le- 
urvoir  G,  and  driren  into  the  cylinder  L,  so  la  to  force  up  its  piston 
A.  At  K  is  a  vbIts,  which  being  relieved  from  pressure,  by  tuniiDf; 
tbe  screw  which  coaGncs  it,  ■  puange  is  opened  for  the  water  tn  Snw 
&Dm  the  cjlindet,  through  tbe  tube  M,  into  the  r>iBer7Dir  G,  Bllowiog 
the  piaton  lo  descaad.  Ihe  effective  (orce  of  such  a  nnchiDe  mud  be 
immeasely  great,- combining  ta  it  does  the  advnnl^eB  of  solid  Mid 
liquid  pressure.  Tbe  amount  of  tbe  tatter  is  to  be  estimated  by  tlie 
retstive  diameters  of  the  two  pittous  ;  so  chat  if  tbe  pistou  II  be  W 
BQ  inch  ia  diameter  sad  the  solid  aylindi;!  or  piston  A  one  fool,  tlw 
pres.iure  of  tbe  water  on  the  base  of  tbe  piston  A  will  be  lo  the  pm- 
Bure  of  the  piston  H  on  the  water  below  it,  as  Ihe  aqniue  of  1  footor 
19  incLes,  li  X  12:=  144,  to  Ibe  square  of  i  an  inch,  .5  x  -S^.iS; 
tlint  is  as  144  square  inchea,  to  ^  of  a  square  inch,  or  in  tbe  ratio  i^ 
576  to  1.  To  this  must  be  added  the  advantajfe  afforded  by  the  level 
bandle  of  the  forcing -pump,  depeudiog  on  the  relative  length  of  in 
■rms  ;  and  supposing  the  power  to  be  thus  increased  tenfold,  tbe  eSfCI 
of  the  maobiae  will  be  sugmented  in  that  proportiou.  Aa  the  hydro- 
static press  acta  with  acomparativelytridiagdegreeof  friction,  it  maybe 
made  to  produce  an  infinitely  great  amount  of  pressure ;  its  effioieuey 
in  fact  being  limited  only  by  the  rtjeasure  of  the  strength  of  materials 
■employed  in  its  construction.  Some  idea  of  tbe  power  of  this  en^oe 
mar  be  derived  from  the  slatument  that  with  such  a  press,  only  tbe  aite 
of  a  common  tea-pot,  a  person  may  cot  through  a  thick  bir  of  ironwitli 
t  no  mure  effort  tlian  would  be  required  to  slice  off  a  piece  nf  pasteboard 
wilh  a  pair  of  abears.  It  baa  been  used  in  making  experiments  oa 
the  teuscitjand  strength  of  iron  and  st?el,  being  applied  so  ts  to  tear 
asuuder  solid  rods  or  burs  ;*  aod  iu  pacldng  bales  of  cotton  or  trassM 
of  liay,  it  has  been  employed  to  compress  them  to  convenient  dhneD- 
fions  for  stowage  on  board  ships. 

The  principle  of  hydrostatic  pressure  has  been  ingraiiously  applied 
to  a  purpose  of  great  practical  utility  by  Dr.  Anmll,  in  the  conttit- 
'    '     '     -■  'ic  bed  for  invalids.     It  ia  so  conslmcteii  as  to  keep 
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'a  peRKia  rapnsinf  on  it,  SDStained  by  a  mattresa  on  a  liquid 
«wi  Yielding  Ireely  in  every  directioD,  and  tberefore  entirely  ex* 
lied  from  any  irregnlai  prasaure  :  thuB  tliB  irkaomeness,  as  ttbII  M 
uriotts  erils  canaed  by  coaGnement  to  ouk  position  for  a  long  lime, 
the  eonaaquent  inmries  ivbich  persona  enfeebled  by  disease  some- 
is  incur,  may  be  nbolly  prevented. 

{be  preasuie  of  water  ot  any  otber  liquid  against  tbe  buttom  of  a 
•si  ID  which  it  ia  contained  may  be  regarded  as  the  common  effect 
psvity,  trbicb  acts  in  the  same  msoaer  on  solid  bodies  ;  hut  liqnidi 
only  press  on  the  surface  beneath,  but  also  prosa  upward,  with  a 
Tee  of  force  proportioned  to  tlie  depth  of  the  vertical  columa  and 
extent  of  snrfaco  against  which  the  pressure  is  ererled. 
Take  avery  narrow  glass  tube  open  at  both  ends,  and  dip  the  lower  ex- 
tty  beneath  the  aurface  of  quicbaiLver,  so  that  a  small  portion  of  it 
f  rus  into  the  bottom  of  the  tube ;  then  stopping  the  upper  ex- 
nitf  carefully  with  the  finger,  lift  the  tubf,  and  holding  it  certically, 
Bge  the  open  eod  into  h  deep  Ju'  Ailed  with  wstec,  when  it  will  be 
»d  Aat  the  preaania  of  that  liquid  from  helow  upwards  will  not 
f  keep  the  quicksilver  suspended,  when  the  finger  ia  remorcd  from 
top  of  Ihe  tube,  hut  on  letting  it  aiok  gradually  in  the  jar,  the 
-'—-Iviir  will  rise  to  a  height  bearing  a  certain  relation  (o  tlie  deptb 
of  the  tnbe  beneath  the  surface  of  the  water. 

Lot  a  ciroulap  brass  plate  A  B  be  adapted  to  tbs 
bottom  of  a  glass  cytiniter  and  Utted  accurately  by 
grinding,   or  by   covering  its    upper  surface  wim 

moist  leather,  so  that  when  the  cylinder  18  immersed      

in  the  jar  of  water  F  F.  and  the  plate  ia  held  by  the      H 
atrmg  Ccloae  to  the  bottom  of  the  cylinder,  none  of^^H 
thp  liquid  can  enter  it.     If  then  it  be  immersed  to^^H 
sULh  a  depth  that  the  weight  of  the  vertical  colunm  ^^M 
of  water  which  it  displaces  shall  be  equal  to  tbs      ^^ 
weight  of  the  brass  plate,  the  latter  will  remaia  lus- 
pended  though  the  atring  be  let  go,  the  upward  pres- 
sure of  the  water  b«ing  sufflcieut  to  kee^  t^c  ^a,Mi 
from  falling. 

In  esliiDBliDg'  the  lateral  preasuro  oS  \«\vfti»  ^'^ 
venicd  height  must  be  Hken  into  fee  o^^cottn^.-.^^^''" 
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the  effective  force  witli  which  a  liqaid  u 
tlie  (ide  of  the  coataiiiing  vessel  h-^  dep 
beneatli  lbs  Rurface  of  the  liquid. 

This  will  appesi  bean  ike  ■nanner  in  wbidi 
WHlei  flows  Iroia  spertures  in  the  side  of  * 
cistern,  as  the  velocity  of  the  stretUD  will  i1- 
w^s  be  eiactly  proportioned  to  the  diatanm 
of  the  point  of  diBcharge  from  the  superior 
■UTfnce,  snd  the  consequent  decree  of  prea- 
inre  which  takes  pluce.  Suppose  ■  tmuI 
A  to  be  filled  with  water,  and  to  bave  ihrw 
■tubes  or  pipes,  B.C.  D,  of  equal  length  and 
diameter,  Bitedinio  lateral  apertuieB  at  dif- 
ferent heighia  ;  then  if  the  liquid  were  saT- 
feied  to  flow  from  the  pipe  D  alone,  tin 
others  bein^  Btopped.  a  greater  qunntiCj'of 
B-atet  would  be  discharged  in  a  given  time  than  by  the  pipe  C  alone,  and 
a  greater  quantity  would  issoe  from  the  latter  in  the  same  time  than  bj 
the  pipe  B  0015;  the  water  being  kept  at  the  azmw  level,  so  as  la 
maintain  an  equality  of  pressure  duriDg  the  whole  time  it  was  noinn;< 
The  pressure  against  one  aide  of  a  enbtcal  vessel  filled  with  liquid 
will  bo  equal  to  half  the  pressure  against  the  bottom  of  the  lesad. 
HeiJCe  in  a  quadrangular  cistern  the  amount  of  pressure  against  its 
sides  may  be  found  by  multiplying  the  number  of  square  feet  contained 
in  that  part  of  the  sides  beneath  the  surface  of  the  liquid  by  half  tbs 
hei gill  St  which  it  stands;  and  theretbre  if  the  extent  of  the  latenl 
area  in  oontoct  with  the  liqnid  be  double  that  of  the  bottom  of  the  cui' 
taining  vesael,  the  pressure  on  the  sides  will  be  equal  to  thai  on  Ow 
bottom.  Thus  a  calculation  may  be  made  of  the  pressure  of  wi««r 
gainst  a  dam,  wear  or  floodgate,  by  ascertaining  the  superficial  mat- 
sure  of  the  surface  against  which  the  water  presses,  and  multiplyii^-jl 
by  half  the  depth  of  the  vettical  columu.  Suppose  a  dam  to  I>e  mill 
acroaa  a  body  of  water  6  feet  in  depth  and  14  feet  wide,  the  extent  of 
the  surface  subjecled  to  pressure  would  be  84  square  feet,  which  beinj 
multipliod  by  S,  half  tlie  depth,  the  product  ^53  would  denote  thequimlity 
of  cubic  faet  of  water  pressing  on  the  dam.  In  Oja  same  manner  maybe 
ascertained  the  degree  of  preHure  of  a  liquid  Btaoding  in  an  uprighi 


cylinder,  as  a  leaden  pipe  or  cistern;  by  multiplying  thenuniber  of 
sqnue  inches  or  feel  in  the  curved  aurtace  hy  half  the  depth  of  llie 
Uqnid  :  and  this  method  may  be  eitended  to  all  cases  of  the  lateral 
' ■B  of  liquids,  wbatever  be  Ihs  shape  of  the  containing  vessel  or 


liquid  presses  un  any  surface  liit^re  will  he  a  certain  point 

ft  whioh  a  degree  of  pressure  being  applied  equal  to  the  entire  preasurp 

bF  the  liquid  would  produce  eiaclly  the  same  effect ;  or  if  such  equi- 

Tolenl  pressure  were  applied  to  thai  point,  but  in  the  contrary  directioo. 

it  would  neutraliae  the  pressure  of  the  liquid  on  the  apposite  surface : 

tbal  point  ia  therefore  called  the  centre  of  pressure.     It  corrBSponda 

exactly  with  tlie  centre  of  percussion  in  solids,  which  in  most,  but  not 

ttl.CBses,  coincides  with  tlie  centre  of  oacillation.     To  ascertain  the 

VstiotL  of  this  point  oi^n  becomes  an  object  of  importance  -,  aince  it 

U  indicate  the  moat  efficient  meaos  for  sustaining  a  floodgate  or  any 

'*ir  surface  against  the  pressure  of  a  body  of  water.     The  position 

I  centre  of  pressure  must  depend  on  the  figure  of  the  surface  and 

sptb  of  the  head  of  water.   Supposing  the  surface  to  be  a  perpen- 

ir  parallelogram,  the  centre  of  preaaure  will  be  at  two-thirds  of 

I  distance  from  the  level  of  the  water  to  the  bottom  i  and  if  the  figure 

le  surface  be  an  equitatecal  triangle,  at  three-fourths  of  the  distance 

t  the  vertex  to  the  bus«. 

On  the  principle  of  the  lateral  pressure  of  liquids  maybe  estimated 

BpresHore  suBtained  byaolidsimmeraedat  any  deptli  beneath  a  liijuid 

tfiue.      I'bua  if  it  be  requited  to  find  the  pressure  which  a  diver 

IB  when  he  has  descended  in  water  to  the  depth  of  3S  feet,  or 

to  such  a  depth  that  the  centre  of  gravity  of  his  body  maybeez- 

Uy  33  leet  beneath  the  gorface  of  the  water ;  then,  as  the  extent  of 

(Ace  of  a  human  body,  at  a  medium,  may  he  eatimated  at  ]  0  square 

t,  the  product  of  that  number  multiplied  by  32  will  give  the  quan- 

'  of  water  in  cubic  feet,  the  weight  of  which  must  be  auaiaioed  by 

t  diver  at  the  depth  just  stated.     Now  aa  one  cubic  foot  of  water 

'  ;ha  1000  ounces  avoirdupois,  the  weight  of  3^0  cubic  feet  will  be 

.000  ounces  or  20,000  iiounds."     The  equability  of  the  pressure  in. 

J  direction  renders  such  an  immeoae  weight  supportable ;  though 
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it  ocnsiions  eoaBidernble  inconTPoieace  to  penooB  learning  to  dive. 
from  the  iatensfl  pain  cau^d  by  the  ptcbsuta  of  the  water  oa  the  druma 
of  the  eHrs»  even  nt  the  deptb  of  18  feet  balow  thesurfucQ,  it  appears 
probable  that  diving  in  very  deep  water,  at  lenglh,  iias  t1;e  eSeol  of 
raptaring  the  membrane  tdled  the  drum  of  the  ear,  after  whioh  pajn 
in  that  oi^an  is  no  longer  felt  by  the  diver  ;*  bat  there  must  be  ■  limit 
to  the  depth  to  which  the  moat  experienced  diver  can  dp.Bcend,  ainoeil 
a  very  great  depth  the  tompreasing  force  of  the  liquid  mass  nauld  be 
so  augmented  as  to  eipel  entirely  the  air  that  had  been  retained  in  the 
cavities  of  the  cheat  and  head,  eud  contract  the  bulk  of  the  wliole  hoiy 
in  Buch  a  manner  as  to  render  ascent  to  the  Burfaca  no  looBar  praeti- 

The  uniform  presaure  of  liqoidB  in  every  directieii,  and  the  conse- 

qaent  equality  of  action  and  reaction  among  tba  parts  of  liquid  messea 

canae  them  to  uaume  a  level  aurlace  under  all  circumatnncea,    Tbil 

proper^  of  liquids  haa  been  sdvimt^eauely  employed  in  the  convtiuc- 

tioo  of  instniments  for  aacerlaining  this  relative  heights  of  any  gi«ra 

pointa,  aa  in  taking  levela  in  surveying,  ond  in  vsriouB  oparatioo*  ia. 

which  it  ia  requisite  todetennine  thesccumcy  of  an  horiioatal  plane. 

Sucb  an  instrament  may  canaist  of  a 

A  n     glaas  tube  of  conaidemhle  length,  as 

X.  m    represented  in  the  margin,  open  it 

m  lu    both  ends,  which  must  be  raiaed  or 

H  I    turned  upward  to  the  same  height; 

H  J    and  the  tubebeiiigfilh3d  with  wBWrror 

^^^^^^^^^^^^^^^^f    mercury,  when  it  is  placed  in  an  be- 

rixonUil  position,  the  liquid  vciltalmd 

at  the  aame  lerel  on  both  aides.     Upon  the  open  aorfnces  of  ths  liqoid 

muBl  be  placed  floats,  each  carn'ing  apright  si|(htB  with  cross-wires, 

which  standing  at  right  angles  to  the  length  of  the  instrument,  wbcm  it  ia 

property  adjusted,  the  inteisectioDS  of  the  wires  will  be  situated  in  an 

horimntal  line ;  and  consequently  on  looking  dirough  the  sights  at  any 

distimt  object  it  can  only  be  seen  exactly  opposite  the  intersecti<iin*  of 

the  wires  when  it  happeoa  to  be  in  the  same  level. 

The  spirit  level,  an  instriuneni  adapted  lo  the  aaine  pur3wM*  with 
the  preoedingi  consiata  of  a  glass  tube,  cloaed  at '"""'"  -~'"  """'  •"-■■ 
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witii  iloohol,  except  a  very  amall  spMe  MCUpied  by  a  bubble  of  nir. 
wliitib,  in  whatever  iituation  tliB  tube  msy  be  placed,  muil  riae  to  iha 
UghMt  part  of  it.  When,  tberefore^  ibe  luhu  is  Sxed  in  an  boriiiuntiil 
JRuitJou,  the  bubble  will  stand  precisely  in  tbe  centre  of  the  tube  and  in 
'Mntaot  witb  its  surface.  Sucb  a  level  may  be  used  like  the  water- 
l*T«l,  above  d«Bcribed,  for  ascertaining  the  acauracy  of  an  haiixoatal 
fdane :  or  it  may  be  mounted  'in  a  frame  with  moveiibie  siKbtH  adapted 
ID  a  quadrant,  by  means  of  which  the  anenlar  dUtanoea  ofobJBcOi  may 
be  dfltannined  with  the  utmost  degree  of  conectniKS. 

Tba  property  which  liquids  possess  of  preserving  ui  exact  level   in 

f '-nor  vessels  oomaiunicatingwithesch  other  is  of  the  highest 

SB  indicating  an  obvious  mode  of  conducting  water  from 


Thus  from  a  lake  c 


■uy  be  conveyed  in  pipes  or  tunneU  underneath  streets  and  bHildiogs 
to  asy  given  distance,  and  supplied  to  the  different  qunrlera  of  a  town 
Wcity,  at  any  hei[>htnot  exceeding;  thnt  of  its  source.  The  sujiplj  of 
tratar  to  the  metropnlia  is  principally  furnished  in  thia  manner,  from 
NTMal  twsins,  one  of  which  on  an  eminence  north  of  London,  at  Pen- 
tmWUe,  receives  the  water  of  the  New  Eiver ;  and  there  are  otberi 
DMT  PrimroseHilliTottenham  Court  Ikitul,Bayawater,and  Kensington 
Gnvel  Pits.  The  whole  amount  of  the  daily  supply  of  water  to  the 
of  LondiKi  and  Weatminstur  appeata  til  be  nearly  X6.0OU,0OU 
an  half  of  which  is  derived  from  the  Thumes  ;  and  at 
ivered  at  heights  much  above  the  level  of  the  river,  it  it 
.  luily  TSaed  by  artificial  pressure  by  means  of  steum-engines. 
Tbongb  water  and  similar  liquids  may  ha  transferred  to  any  ima- 
— "-  -"istance  through  a  series  of  communicating  tubes  bent  into 
anglea,  deaceudiug  and  ascending:,  and  made  to  issue  freely 
heigbt  nearly  equal  to  the  sonrce  ;  yet  it  is  found  in  practice  iLul 

„- :J.-  ^ u.  i^.^,_  -c  -Ijb  liquid  againa,  the  sides  of 

lite  angles,  and  from  the  accu- 

tubes,  may  cause  great  incon- 

'  'antageoualy  ei     ' 


,.  froni  the  frictic 

tubes,  eapeciaily  where  they  fc 

of  bobbles  of  air  iu  loogn 

bence  large  pipes 


ir  open  conduits  at 
south  of  Kurojifl  may  be 


midg..^— 
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■nil  uiiiibiting  eiBii  in  iec%j  itiikin^  memoriaU  of  the  arebitixtanl 
ikill  ind  uidtuDT  of  ibou  to  whom  tbej  owe  their  ori^.  FnuD  dms 


liGcen'twi^a 


D  which  (uch  imoieiue  labuui  n 


iwed  for  the  purpose  of  cooducUD^  waUt  on  one  descending  plua, 
II  luui  been  htulily  inferred  tLat  tlie  uusienti  were  entirelf  ignonat  of 
Um  nffect  of  bf  droBtstic  preasure  ;  uul  of  the  means  of  mildng  wMar 
riie  to  the  lieigbl  of  ili  eoaree  ifler  puong  throug'h  ■  lower  lenL 
Hut  iJii*  notion  18  utieily  erioneoui,  for  in  the  great  work  of  die  crie- 
hnlml  naturdiet,  Pliny  the  Elder.it  ig  aipreaaly  Mated  that  watet  will 
BlfHy*  rine  to  tlie  height  of  iti  source;  and  he  &ddi  (bat  Inbesof  ImiI 
mult  be  uaed  to  carry  water  up  an  eminence.*  Paaaaf^es  to  ibe  nnui 
efi«ct  might  be  adduced  from  other  ancient  writers,  containing  pliia 

ire  anil  flow  of  water.  Indiapulable  evideDce  that  the  ancients  wen 
not  ignorunl  of  thia  principle  haa  heeu  aftbrded  by  the  raaeanibea  made 
lunong  the  ruina  of  Pompeii,  where  the  remaina  of  fouiituiii£  and  bathi 
allow  that  the  inhabitant!  of  that  city,  wbioh  was  destroyed  in  the  reign  of 
the.Emperor  Tilua,  were  not  nnnkillcd  in  the  means  of  cauaing  waUr  U 
Nacend  through  pipes  and  oonduita.  The  reason  why  the  Romans  did  nM 
adopt  the  method  of  conducting  water  through  large  lubes  waa  cliialf 
beaauae  they  were  unable  lo  construct  auch  tubes  as  would  be  wal» 
tllht  when  eipoied  to  the  prniDuro  of  a  conaiderablB  cotuion  of  liqoid. 
Their  witer-pipea  were  made  of  lead,  earthenware,  or  wood,  andwcie 
iu  many  roipecla  inferior  to  tboae  used  in  niudem  times. 

tendency  of  liquids  to  form  ooliereutmiissea.  to  become  extended  overtba 
■uHacM  of  aolida,  and  to  Sow  in  any  direction  till  tliey  find  a  conuniB 
lerel.  Water  is  the  most  abundant  of  all  liquids,  and  if  we  traceib 
nparalions  under  the  several  forma  of  min,  springs,  fountnin; 
Dtreania,  lakes,  or  riren.  conimunicating  with  the  extended  i 
iririls  tlie  solid  globe,  the  peculiar  properties  which  constitute  the  distiD^ 
lire  cliaraotor  of  liquid  hodjea  will  be  lecnitnised  in  the  effects  which  thn 
produo*.  Some  notice  haa  alresdj  bean  taken  of  the  diSerenI  stataaM. 
BggT'S*'''"'  ^lilch  water  aaaumeii  when  exposed  to  certain  degntt 


le  distiD^  M 
hichthnl 

I.  or  NuB 


«2' '"  ""j-Si??'*!  S'5?''.  tt.Sj""  «fc.,*" "» 
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It  c- 


lopped  funnel,  A,  the  opening  of  vrMch  ml^ 
be  tfn  inches  equare.  termfnBting  beloTF  in  ■ 
rsBurroir  ti.  Tiirough  tlie  neck  or  opming 
between  the  funnel  and  the  reserrair  is  In- 
Berled  the  grndunted  rod  C,  to  which  is  ad* 
justed  the  ball  D,niBde  of  cork  or  ligfatwood. 
so  thnt  it  may  float  od  tlie  surface  of  the  water 
in  the  reservoir,  and  the  apperjinrC  of  Ihe  rod 
being  marked  with  divisioafl  into  inches  vid 
parts  af  od  inch,  will  indicate  byits  aafeot  tb« 
■  depth  of  water  in  the  reBaryoir.  'I'be  iUn>- 
-^  cock  E  serves  to  let  off  the  water  nftet  its 
quantity  has  been  noted,  or  at  auy  stated  pe- 

Aceording  to  the  obaerVBtiona  of  Mr.  Daniell,  the  B?erage  qusntily 
of  rain  which  talis  in  the  neighbourhood  of  London,  in  tba  coarse  of* 
year,  BmouDta  to  2S^  inebes;  the  greatest  qasntily  falling  generally  in 
the  month  of  July,  and  the  leaat  in  Februsry ;  and  the  whalo  qnentity 
falling  during  the  first  sii  months  being  not  much  more  than  half  tbil 
in  the  lost  aii  motitht  of  the  yesr.t 

Sir  John  Leslie  has  remurked  that  in  general  twice  aa  much  rain  fella 
on  the  n-oslem  as  on  the  eastern  side  of  our  island,  and  he  states  Ihal 
the  average  quantity  mav  he  reckoned  at  30  inches.  Accordiur  to  thi( 
estioitte,  the  whole  diacimrge  from  the  clouds  in  Ihe  course  of  a  year, 
on  every  squsre  mile  of  tbe  surface  of  Great  Britain  would  at  n  medium 
be  1.944,1)33,  or  nearly  J,(K)0,000  tons.  This  gives  about  tbree  thou- 
sand tons  of  water  for  each  English  acre,  a  quantity  equal  to  630,000 
imperial  g&lluns.t 

It  may  be  questioned  whether  the  very  limited  extent  of  any  obser- 
rations  which  can  be  made  by  means  of  rain-gauges  affords  ground  fct 
perfect  confidence  in  the  results  they  afford;  and  hence  whtrever  «i- 
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Bto  can  he  proKCUted  ou  a  larger  scale  it  is  destntble  (bat  they 
[ibe  recorded  ;  at  the  ouaolDaiooa  alteadj  Dbtaioeii  tnigtitthusbe 
^nfirmed  or  ooirecteci.  There  is  one  singular  circuDMtanc»  n(- 
I  ihe  fill  of  rain  calculated  to  Ifarcv  vaae  doubt  on  tlie  absglule 
ft- sf  the  common  mode  of  abserFBtioo,  wtiich  is,  "  that  smaUer 
Mb  have  been  observed  to  be  depoattod  in  high  than  in  loir  siluu- 
Iren  though  Ihe  diSt<renQe  of  altitude  abould  be  iaeonaiderable. 
|!  observations  have  been  made  at  the  sammit,  and  near  the  hose 
feof  oo  great  eleration.  llain-ganges  placed  oniboth  sides  of  a 
itie  bottom,  alwaja  indicate  a  greater  fall  of  tain  tb^tL  on  theex- 
|0p."'  It  appeata,  however,  thai  larger  quantitimi  of  rain  fall  on 
pd  tracts  of  elevated  grouud  than  at  tbe  level  of  the  sea;  but  that 
pus  abruptly  elevated  above  the  surface  of  the  earth  the  amoonC 
■bes  with  the  UBcent.-t  The  mean  annual  fall  of  rain  at  Geneva, 
^ated  Irom  observitiona  during  thirty-two  years,  amoants  (o 
Khes)  and  en  the  Alps,  at  the  Convent  of  the  Great  St.  Ber- 
pemeaDof  twelve  years  is  60.0.^  inchea.t  According  to  M. 
jiwho  baa  traced  a  pri^ressive  decrease  in  the  annual  amonut  of 
(m  the  equator  lo  (he  poles,  not  leaa  than  1^.5  inches  fall  in  a 
^the  Malabar  coast,  in  latitude  11^  deg.  IN. ;  while  in  laCitada 
^  the  quantitv  is  reduced  to  17  inches-^ 

•water  that  fallB  from  the  clouds,  as  well  as  that  derived  from 
I  snow  and  similar  sources,  if  the  surface  with  which  it  comes  in 
(happens  to  be  loose  and  porous,  will  sink  into  the  buweU  of 
01,  penetrating  in  any  direation  till  it  meets  with  a  stratum  of 
t^aoMB  other  dense  and  almost  impervious  substance,  which  may 
I  to  accumulate  and  form  subterraneous  lakes  or  reservoirs,  the 

Be  on  Heat  and  M DlBtore. 

K  of  that  body,  wbich  took  jilaceat  York,  la  Segitember,  TS3i,lwo  ^o- 
pre  requelted.  b;  the  Committee  of  MatbcmBtlcBlend  Physical  Science. 

Ke  reitOt  of  this  laveatlicatiDU  tax  not  yet  been  laid  befare  the  public. 
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coDtenU  of  which  otiCHiooHllj  are  raised  to  the  lurface  in  vuiou*  n- 
lUBtioDs  bj  bydroBtntic  preaeure.  Thus  lomotiinoB  iu  digging  wells  it 
is  DecesBiry  to  peneUsle  (o  a  great  depth  belbnj  wst«r  cm  be  obtained, 
but  Bt  leDgtb  when  the  source  ia  found,  iLe  iTSt«r  riug  with  snoh  lar 
pidity  in  Uie  ehait  that  has  bean  opened  bb  Bciu-cely  to  lesTa  time  fia 
the  well-BinkerB  to  oiake  their  escape  frooi  the  agcending  oolumiu  Ha 
term  Artesian  wetls  has  been  recently  applied,  especially  in  FraiiGa,tD 
wells  formed  in  the  manner  just  described,  by  the  ascent  of  wiHt 
through  openings  made  hy  boring  donn  and  introducing  tubes  vhick 
trsTerso  the  saperior  strata,  and  commnnicste  with  subierTBueoii* 
springs  or  reservoirs,  from  which  the  water  rises  through  the  tubes  bv 
hydrostatic  preaaure,  nearly  or  quite  to  the  surfooe ;  constituting  n> 
the  Utter  case  perpetual  fuuntaina,  such  at  [>ccur  on  the  eastern  eoist 
in  LinDalnsbire.  where  they  ore  called  Blow  Wells.  They  are  also 
frequent  in  Artois,  in  tbe  Netherlands,  and  hence  they  have  derirwl 
the  nppeliation  of  Artesian  wells,  from  Aitesium,  the  anciant  name  at 
that  counHy.' 

Water  collected  in  aublemuieous  pnssagea  by  infiltration  sometioia 
passes  below  the  bed  of  the  sea,  sod  forms  a  sort  of  Artesian  foantaias, 
which  flow  at  intervals  depending  on  the  risioK  end  falling  of  the  tide. 
A  remarkable  ebbing  and  flowing  stream  of  this  Idod  was  discovered 
in  IBll,  by  boring  in  the  harbour  of  Bridlington  in  Yorkshire;  t  and 
flubmarine  fountains  hare  been  met  with  at  tbe  mouth  uf  tlie  Rio  Ids 
Canoa,  in  South  America,  at  Xogua,  in  the  Island  uf  Cuba,  and  eke- 
where.  By  means  of  such  underground  easels  formed  by  nature. 
Blreama  of  water  and  even  great  rirers,  after  sinking  ieto  gulfi  and 
CnritieB  in  the  earth,  make  their  ap])eiinmce  again  at  the  surface,  in 
eome  cases  far  fiom  (he  spots  where  they  descended.}  GulCs  of  thi) 
kind,  in  which  rirers  end  rirulets  lose  thomBelres,  occur  in  (be  Aljia 
of  Jura,  and  other  limestone  mountains ;  and  where  tbe  upper  sul£iiie 
consiating  of  a  bed  of  (enaciouB  clay  prereota  tbe  absorption  of  lbs 
rain-water  by  tbe  soil,  openings  into  tbe  more  porous  strata  beneadi. 
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wlether  natnrnl  or  artificisi,  msy  be  made  the  means  of  conTerting  a 

marahy  waste  into  a  fertile  plain.* 

Wl^n  min  falls  on  tfae  Bummits  or  elevnled  aides  of  billa  nnd  moun- 

DDDS,  if  the  surface  be  solid  rock  or  clay,  the  liquid,  b^  ita  natural 

tendency  (o  flow  till  every  pact  of  its  expasecl  suiiace  ha9  Rttaiaed  a 
'  tommon  level,  collects  in  rilU,  irbicb  find  or  form  for  tbemeelves  nar- 
IVdw  cbanoels,  tbrougb  wbiEbthe  water  dBBcends  to  tba  plains  belovr  ; 
I  l^ier^  the  canfluence  nf  springs  from  varioua  sources  prcluces  lakes  or 
i-H-Ters,  which  in  general  ultimately  communicate  with  the  ocean,  oc 
'tnth  w»ne  great  inland  sea,  like  the  Caspian  or  the  Lake  of  Aral,  botli 
liWliicl]  are  below  the  level  of  the  Mediterranean;  f  andother  lakes  which 

tavB  no  outlet  must  be  silasted  in  valleys  or  basiB-shnped  cavities, 
^^tdther  below  the  sea-level,  or  surmunded  completely  by  walls  of  rock 

Bibr  compact  earth,  which  prevent  the  egress  of  the  liquid  mass.  Rivers 
:ll]  their  passage  to  the  deep  iometiniea  form  grand  and  beautiful  cnta- 
ihcts  and  waterialls.  where  the  collective  stream,  after  being  confined 
'  in  >  narrow  channel,  bursts  abruptly  over  a  precipice  with  astonishing 
face,  dashing;  on  the  lower  aurfnce,  and  rising  again  in  clouds  of  misty 
•praj.  Such  are  the  famous  tails  of  Niagara,  formed  by  the  water  of 
Calte  Erie,  in  North  America  ;  the  Cataract  of  Tacquaudsma,  on  the 
lUo  Bogota,  in  South  America,  described  by  Humboldt ;  the  Pall  of 
the  Rhine  at  Schaffbausen  -,  and  the  cataracts  of  the  Nile,  at  Syene, 

'BOir  Assouan,  iti  llpper  Egypt.     The  currents,  which  have  been  thus 

irnsbing  with  impetuous  force  over  the  same  surfaces  for  aucceiisiro 
ftges,  cannot  but  bare  had  n  considerable  effect  even  on  the  hardest 
4N}eks  of  which  their  beda  are  formed ;  and  hence  the  heights  from 
^hiefa  these  torrents  descend  being  gradually  worn  down,  allerations 
'tiike  place,  and  the  cataracts  must  at  length  lose  much  of  that  formida- 
'lUe  and  impressive  appearance  they  now  exhibit.  It  ia  owing  no  doubt 
,|1d  Bach  changes  that  the  descriptions  given  by  ancient  travellers  and 
iojrephers  of  same  of  the  most  remarkable  cataracts  by  no  means 
ipond  witb  their  present  state. 


■■Ma, (iirmlngaponanB spring!,  or  Artesian 

— ",  WBi  (ram  HerioittileThury 

Keport  of  the  Brills^  Auudati 


ing  Htreams,  whose  Felocitj  Af- 
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u  diffBrem  iiarts  of  the 
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Rivers  formed  by  natiu 
pendu  on  the  incUnnrion  ol 
thej  pasa.     Thsy  hsue  in 

n-orld  been  made  the  means  of  tntetcourse  by  inland  narigatioa  be- 
tween distant  pbces-  For  this  purpose,  however,  tliey  ore  but  imper- 
fectly adapted  ;  since,  besides  the  obstacles  arising  from  rapids  and 
cstaracta,  there  must  always  be  diffioultj  in  ascending  the  atream  of  ■ 
river  proportioned  to  tlie  rapidity  of  the  descending  eorrent.  Hence 
in  England  and  some  other  caantrics  narigation  for  the  purpose  of  bi- 
temal  canununicstioD  is  in  a  great  degres  confined  to  the  larger  riven 
and  tide-wajs,  and  to  the  unmerona  artificial  canals  which  havB  been 
constructed  chiefly  since  the  middle  of  the  last  century ;  and  the 
smaller  natucnl  atreiuns,  cioased  by  wears,  mills,  and  manufactories  of 
various  deicriptiana,  may  tbua  be  most  effectively  rendered  subaer- 
vient  to  the  promotion  of  nations!  industry  and  wealth. 

A  navigable  canal  usually  consists  of  several  cqntinnotia  bodies  of 
water,  sometimea  of  considerable  longitudinal  extent,  and  eauh  one 
baring  a  perfectly  level  surface,  the  water  being  at  rest.  In  a  coop- 
try  like  Great  Britain,  intersected  by  nnmerans  moimtsin  rid«vB  mnt 
vallera,  the  formation  of  a  long  unbroken  line  of  canal  must  in  genaiil 
be  attended  with  diScultiea,  and  can  seldom  be  effected  at  all  except 
by  erecting  raaMivB  iqneducta  supported  by  arches,  and  Blretchinf 
from  one  point  to  aaotber  over  the  lowet  grounds,  and  elsewhere  1^ 
carrying  aublermneoua  galleries  or  tunnels  through  intervening  bills. 
Both  these  eipedients  have  been  adopted  by  the  celebrated  engineer, 
Brindley,  in  the  construction  of  the  Duke  of  Bridga"-ater"a  Canal, 
eitending  from  Woralev  (o  Manchester,  and  oommunicatiog  with  Ibe 
river  Mersey,  and  whic^,  including  ten  miles  of  underground  n>ii< 
gnlion  in  tbe  coal-mines  of  ^Vl)raley,  extends  lifty-five  miles  on  the 
same  level.  Amotig  the  most  remarkable  SQueducta  in  this  cnuntry  is 
that  of  Pont-y-Cysyiltan,  erected  bj  Mr.  Telford,  in  the  line  of  ibe 
Kllsemere  Canal,  This  msgnificenl  atrnoture,  which  riraJs  the  miglily 
works  of  (he  ancient  Romsns,  stretches  across  the  vale  of  Llangollen, 
in  lengtb  more  than  1000  feet,  and  it  is  raised  IS?  feel  above  Ihie  aur- 
fnoe  «f  the  moonlaiii.torrent  tbat  runs  below.*      There  are  many  taaf 
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neU  in  the  course  of  varioas  inodum  canela,  tK'o  of  whicli  me  on  the 
abort  line  of  the  Regent's  Canal,  in  the  nei^bbourhood  of  London, 
aamet}'.  ons  passing  tlirou°;h  the  hill  on  which  Btatid  the  metropDlilan 
suburbs  of  Islington  sad  PentoaTille,  and  tHs  other  ibruugh  Maida 
*  'M  netu-  Paddington ;  but  both  these  are  of  mconiiderable  eitent  coiu- 
led  with  sBieral  others,  in  the  course  of  the  Grand  JunclioQ  Canal, 
_  e  Oxford  Cnnal,  that  which  joins  ths  Thames  and  Serern,  and  the 
Bodderalield  Canal,  which  last  passes  through  a  tunnel  5S30  ynrda  in 
]aigth,  being  the  longeat  jet  constructed  in  this  country. 

Caiulg,  however,  generuUj  coneiat  of  several  longitudinal  basins  at 
different  levels,  and  to  preserve  or  rather  occasionally  to  form  com- 
mimisstiaas  between  these,  far  the  passage  of  vessels.  locks  are  con- 
•trocted  wherever  a  variation  in  the  level  takes  place,  and  tlius  vessels 
ed  or  lowered,  according  to  drcumstimces.  Locks  are 
e  than  small  bnsins.  with  Boodgates  at  Bach  end,  placed 
•ctDsa  the  oann],  from  side  to  aide,  and  thus  including  a  portion  of 
^  water  betvi-een  tliem.  To  transfer  a  vessel  from  the  higher  to  the 
lawn  level,  the  water  in  the  intervening  lock  must  be  raised,  (by  open- 
ing sluices  at  the  bottom],  to  the  heielit  of  the  upper  level,  then  the 
I  floodgates  on  that  side  being  opened,  the  vessel  is  to  be  drawn  into  the 
I  iaek,  the  gates  through  H-hi<:h  it  has  passed  are  to  be  shut,  and  tha 
WBtei  in  the  lock  suffered  to  sink  through  sluices  lo  the  level  of  tha 
lower  part  of  the  uanal,  and  the  lower  Uondgiitus  then  being  opened  the 
'  n  ils  passage  till  it  reaches  the  next  lock,  where 
. ._  .         ,  it  be  repeated.    TUe  transfer  of  a  vessel  ftom  a 

lowBT  to  a  higher  level  is  eSected  by  the  contrary  operatiou  of  raising 
th*  water  in  the  locli,  instead  of  sinking  it,  while  the  vessel  remains 
iodofed  in  it. 
.,  The  passage  of  vessels  in  either  directioo  through  a  lock  cannot  take 

Slice  without  the  losa  of  a  considerable  quantity  of  water,  which  must 
I  eacli  caae  be  allowed  to  escape  from  tliB  higher  to  the  lower  level  of 
the  canal.  Wheie  the  supply  of  WHter  theroforo  is  not  very  co- 
pious, and  more  especially  when  the  application  of  artificial  mesni 
is  requisite  to  obtain  it,  the  loss  becomes  a  serious  inconvenience, 
aad  source  of  expense.  This  has  led  to  difiereitt  schemes  for  the 
Convayance  of  canal-boats  from  one  level  lo  another,  witiwiMt.  m,-} 
I  Mpendilure  of  water.  One  method  of  effeoliog  flva  lAiietX  ^""l 
■     Buaat  of  a  aaapeashn-lock,  or  moveable  btiain,  cQ\iWiii»%*'«A'i  "" 
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OT  iowered.  so  ai  to  Uke  in  and  discharge  ihe  boat.  TMa  scheme,  of 
vhich  a  detailed  aaxaat  maj  be  found  in  Nicbolwn's  PbiloaophlciJ 
Jonnial,  does  not  appear  <o  bare  be«n  put  in  prnctice,  si  least  not  on  m 
eitenaive  scalv;  and  From  the  comptication  of  tbemacbinery  requuHe, 
it  wiU  probahlj  be  fouod  liable  1o  inanrniouDtable  objeciiana.  Id 
■'>nie  aitaationa,  as  on  the  Itnea  of  tbe  Slicopahiie  Canal  and  the  Lai- 

oommeneing  at  a  lower  lerel,  hoats  are  transferred  from  one  basio  lo 
another  by  inclined  planes. 

Spec^ie  Gracitv, 

Tbe  tenna  Density  and  Specific  GraWly  have  been  repeatedly  iDUO- 
duced  in  the  preceding  pagea ;  and  theii  general  aigmficatton  baa  been 
in  BOme  degree  elucidated  already.  It  will  however  he  DeceBsary  now 
lo  explain  aDmetrbat  more  fully  tbe  Bignification  of  thoae  terma,  Dal 
'laly  aa  applicable  to  liquid  bodies,  bat  likewise  with  reference  to 
aolids  and  gaaes ;  and  to  deacribe  the  meana  by  which  tbe  Bpecifc 
gnLvity  of  utiy  substance  may  be  af^certained. 

In  describing  tbe  effects  of  hydrostatic  presaure,  we  haTB  hilberW 
conaidered  them  as  owingto  the  pteaenoe  of  s  single  litjoid  ;  tbe  illus- 
trations of  the  principles  of  tbe  acienoe  now  under  review  having  bean 
chiefly  drawn  from  the  phenomena  exhibited  by  water  alone,  in  seTeral 
aituabona  and  circumstances,  aa  affording  results  more  simpl*  and 
uniform  than  Iboae  wLicb  are  observed  when  different  liquids  are 
placed  in  contact  with  each  other,  and  when  thair  combined  pressura 
on  aolida  as  well  as  their  mutual  action  must  be  modiGed  accordingly. 
It  baa  been  aufficienlly  demonattated  that  a  single  liquid,  as  water,  will 
nlwaya  stand  at  tbe  same  height  in  two  or  more  open  tubes  freely  com- 
muntcalJDg  with  each  other,  whatever  may  he  their  peculiar  fbrmi  DC 
dimensiouB  -,  and  this  indeed  ia  a  necessary  consequence  of  tbe  com- 
mon tendency  of  every  liquid  lo  act  with  equal  force  la  all  direclioDi, 
producing  equality  of  prossure  on  the  solid  body  or  bodies  by  wbicb 
it  may  be  encompassed,  and  extending  ilaelf,  where  unconfiued,  lIU 
every  portion  of  iti  surface  has  assomed  a  coounon  level. 
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two  liquids  or  nny  greater  number,  differing  from  eJch  other 

B  graritj,  are  placed  in  cooMcc,  oa  when  included  in  a  glus 

toltls,  unless  ihey  are  cnpable  of  uniting  to  form  a  chemicHl 

i,  it  will  be  perceived  Uiut  eacli  liqnid  becomes  arranged  in  a 

and  diBtin::t  Btratum,  the  liearieEt,  or  thai  which  baa  Ihe 

specific  grBTity,  sinking  to  the  bottom  of  tha  jar,  and  preaent- 

tevel  But&ce  above,  on  which  rasta  the  next  heaviest  liquid ;  tha 

'in  the  saoie  inauner  toliiiig  iheir  places  acnording  to  their  re- 

te  degrees  of  relative  or  specific  grariCf.     Thus,  mercury,  water, 

lil,  and  aulpburic  elher,  migbt  be  poured  into  the  same  phial,  ia 

'theywould  form  separate  lajers,  standing  one  above  another,  in 

'«rm  which  they  have  been  mentioned;  water  being  much  lighter 

i«niury,  oil  lightec  than  water,  uid  ether  yet  ligliler  than  oil. 

'liqulda,  difiering  in  specific  grsrity,  may  be  mixed  by  agitation, 

■c  a  compound  {  bat  if  the  lighter  liquid  be  poured  gently  on 

of  the  heavier,  they  will  for  a  long  time  remain  distinct,  but 

letion  lab'ng  place  even  where  their  eurfaces  meet.    Every  body 

I  that  water  may  be  mixed  with  port  wine  or  spirits,  both  which 

^ter  than  that  liquid,  as  may  be  shown  by  the  following  aiperi- 

Suppose  A  B  to  represent  a  double-bodied  Teesel, 

gtUe  only  commuoication  between  the  upper  and  lower 
portions  of  which  is  through  the  tubes  C  and  D ;  then 
if  the  part  13  be  filled  with  water  to  the  Deck,  and  A 
with  port  wine,  EC  as  to  rise  above  the  tube  D,  still  no 
mixture  or  alteration  in  the  stata  of  the  liquids  will 
take  place,  for  the  lightest  occupying  the  bigheat  si- 
tuatioti  will  rettdu  it  undisturbed.  But  if  the  lower 
part  be  filled  with  pott  wine,  and  the  upper  with 
water,  the  former  ftuid  will  ascend  through  the  tube 

D,  and  the  latter  descend  through  the  tube  C,  till 
»B  entirely  changed  places.  A  Fessel  of  this  construction, 
•  the  upper  part  transparent,  and  the  lower  part  opaque, 
%rm  an  amnsing  pliilosoplucol  toy,  by  meana  of  which  might 
libited  on  apparent  conversion  of  water  into  wine.  An  ana- 
Axperiment  may  he  made  by  taking  a  small  bottle,  with  a  long 
neck,  not  more  than  the  sixth  of  an  itieli  in  diamelec,  which  is 
led  with  spirit  of  wine,  tinged  red,  by  iafusing  in  it  laapings 
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of  Banders  wood,  or  jellonr,  bj  patting  inlo  it  a  Bmall  quantitjol' 
Bsffma;  tlie  bottle  thus  filled  with  \be  coloureil  spiitt  is  ihen  loba 
placed  at  the  bottom  of  a  deep  glass  jar  of  water,  when  the  »pirit  will 
be  seen  to  aacend  like  a  red  ut  jellow  tbread  lluough  the  water,  till  the 
whole  baa  reached  t!ie  surface. 

Bodies,  differing  in  specific  gravity,  and  incapable  of  combination, 
may  be  ahalieD  together  in  a  phial,  and  mixed  for  a  time,  but  will  sepB' 
rate  completely  on  being  allowed  to  remain  at  rest.  Sucb  is  the  effect 
exhibited  in  the  rollowiog  mimic  representatian  of  the  production  of 
the  four  elements  from  chaaa.  A  glasa  tube,  abont  an  inch  In  diR' 
meter,  olosed  at  one  end,  or  a  deep  phial,  being  noaily  filled  wUb 
equal  parts  in  bulk  of  coaraely-powdered  glass,  oil  of  tartar,  pnwf 
'""""'    --'  naphtha,  or  spirit  of  tuqieniine,  the  former  spirit  tinged 


ust  be  secured  with  a 
im  aginary  elements  will 
ting  the  phiol  upright, 


hltte.  and  the  latter  red,'  the  tube  or  pbial  rr 

cork ;  and  when  it  is  briskly  shaken  the  four 

fonu  a  confused  duU-looking  mass,  but  on  ael 

and  suffering  it  10  remain  andisturbed  for  som 

nition  will  take  place  between  the  several  portions  of  the  chaotic  mu- 

Inre  :  the  powdered  glass  at  the  bottom  repreaenting  earth;  the  oil  trf 

tartar,  floating  above  it,  water  ;  the  spirit,  with  its  cerulesa  tint,  OMII- 

pying  the  place  of  sir  ;  and  the  glowing  naphtha  at  the  lop  desigiied  U 

Bu  emblem  of  elemeDtatr  fire. 

Whea  two  liquids,  varying  in  apeoific  giBfin, 
are  included  in  a  henl  (abe,  as  represented  in  iCs 
annexed  figure,  they  will  not  stand  at  Ihe  aanu 
height  on  both  sides  of  the  tulie,  like  a  singU 
liquid  i  but  their  respectire  heights  will  be  in  uie 
inverse  ratio  of  their  specific  grnvilies.  Thug,  u 
any  given  bulk  of  mercury  weighs  nearly  fourlow 
times  OS  much  as  an  equal  bulk  of  water,  one  inok 
of  mercury,  M,  would  -equipoise  about  fourteen 
inches  of  water,  W,  on  llie  opposite  side  of  tba 
bent  tube.  Neither  the  form  ncr  the  dimensioos 
of  tbo  lube  are  of  any  importance  to  Ihe  reault  of 
for  as  in  other  cases  of  hydrostatic  preaaura.  a  imalt 
r  may  be  made  to  couaterbalaace  the  larger  quentity  of 
•  The  bine  tint  mar  be  commnnlcalcil  to  the  fVOot  siililt  by  adding  a  maU 
inian  or  tinctarc  of  litmus  >  and  tbe  other  spirit  may  be  cirioureil  witti  ilra- 
>n'B  blood. 


BFECIFIC  GRAVITY   OP   LIQUIDS. 

kriar  fluid  ntercuTj.  piOTidad  llie  column  of  water  standg  perpen- 

Idjr  fboiteen  times  as  nigh  at  the  colunm  of  mercury. 

'  Od  tbe  principle  Dow  BIBted,  a  ready  method  migbt  be 

"^     oontriTed  for  aaeertaiiiing  the  relative  weigbta  o "'" 

gravitieB  of  kqj  two  liquids,  as  oil  and  water,  or  ' 
ether,  or  spirit  of  wine.  For  this  purpoie  it  won 
be  requisite  to  procure  a  glass  tube,  bent  and  grn 
repreiieated  ttt  the  margin ;  then  on  pouring  in 
right  bnmohea,  equal  quantities  by  weight  of  tbe  i 


^: 


J 


1     oontriTed  for  aaeertaining  the  relative  weigbta  or  specific 

■.: r  —  ._._  i;qyijj_  5j  Qi[  ond  water,  or  water  and 

For  tbis  purpoie  it  would  merely 
~  graduated  aa 

liquids,  their  relative  weights  would  appear  on  inspoctiou ; 
being  inverseljas  tbe  heights  lo  which  they  would  rise  in 
Ae  branches  of  tbe  tube.  Tbe  accuracy  and  utility  of 
■ucb  an  inatrumant  would  he  augmented  by  filling  the 
lower  portion  of  the  tube  with  mercury,  sod  the  graduated 
branches  being  of  equal  diameter,  giveD  we^;bts  of  any 
,  which  would  not  act  chemioallr  on  the  mercury,  would  abow, 
■a  reapeotiia  heights  on  either  aida,  how  much  greater  space  nn 
I,  B  dram,  or  any  other  quantity  of  one  liquid  woold  talie  up  than 
aal  quantity  otthe  other  ;  and  hence  it  would  appear  how  ftr  the 
^»  grarity  of  the  latter  eiceeded  that  of  the  former. 
the  specific  gravity  of  a  liquid  is  indicated  by  the  relative  space 
my  given  portion  by  weight  occupies,  so  in  the  same  manner  the 
D  gravity  of  a  solid  bodymay  be  inferred  from  the  bulk  of  water 
liquid  of  known  specific  gravity,  which  an  ouuce,  a  ponnd.  or 
BU&ily  ascertained  quantity  of  the  solid  would  displace  when 
td  in  the  liquid. 

tbia  priuciple  depend  the  usual  methods  of  determining  the 
to  gravities  of  bodies,  by  means  of  hydrostatic  balances,  bydro- 
l,  or  areometers."  The  discovery  of  iliia  fundamental  principle 
nDEB  has  been  generally  ascribed  to  the  Syrscuaan  philosopher, 
Dedes.  and  tbe  circumstances  relating  to  it  are  thus  reported  by 
"*-".t  Hiero,  King  of  Syracuse,  bsving  ordered  an  artist  ti^ 
a  golden  crown,  siler  it  was  completed  found  some  cause  for 


k 


BUspicioD  that  thegoldgmitii  bad  imposed  OD  him  bj  mixing  with  the  gdif. 
widi  wbicli  he  hud  probably  been  fumiabed  from  tbe  royal  tceasaij.  sa 
inferior  Und  of  metal.  Tbaiuceatigationof  tlits  mutter  was  refnred  Vt 
Arcbimedea,  who  appears  toliayebeeD  unable  fgr  some  lime  to  contrire 
any  satiafactory  method  of  aacertflining  whether  the  crown  conaiated  of 
mixed  metal  or  pure  gold.  At  length,  on  1)ie  occasion  of  his  getting 
into  a  bath,  he  observed  that  tbe  water  rose  an  the  sidea  of  the  marble 
baaio  or  reaei-Toir  in  which  Ite  stood,  in  eiacl  proportioa  to  ihe  buUi  of 
hie  body  beneath  the  Bur&ce  of  the  fluid.  At  once  the  idea  flashed  on 
hie  mind  that  every  solid  plunged  underlbesurface  of  water  must  Sit- 

Ssce  precisely  an  equal  bulk  of  that  liquid  ;  and  «£  solids,  bulk  tit 
ilk,  are  soioe  lighter  thau  others,  the  compsrutiva  or  relatire  grsrirr 
of  two  or  more  solids  might  be  ascertained  by  inunetBingeqiial  weight! 
of  them  in  water,  and  obaerring  the  quanlitj  of  liqoid  diaplaced  by  each 
of  the  Eolids.  ConTJnced  that  he  nould  by  this  means  find  outwhelhei 
Hiero's  crown  had  been  adulterated,  the  philosopber  is  said  to  iiara 
leaped  from  the  bath,  in  a  lit  af  scientihc  ecstscj,  which  rendered  bin 
insensible  to  everything  ejicept  the  importance  of  tbe  principle  he  had 
discovered,  and  running  naked  throngh  the  streets,  he  eiclaimed  aland. 
"'Eupijia— "Eiipijicfl."  "  I  have  found  it  out — I  have  found  it  oo( !" 
lu  order  to  apply  his  theory  to  piactice,  be  procured  amass  of  gddtail 
anothar  of  ailver,  each  having  just  the  same  weight  with  the  ctown: 

then,  plunging  thethree  metallic  bodies  suocessively  into  a  veasel  qoile 
iilled  with  water,  and  having  carefully  collected  and  weighed  the  qum- 
lities  of  the  liquid  wbicli  had  been  displaced  in  each  case,  be  sscei- 
taiued  that  the  dfowd  was.  bulk  for  bulk,  tighter  than  gold ,  and  heaiiar 
than  silver ;  and  he  therefore  concluded  that  it  hud  been  allayed  wtlh 
the  Iiitter  metal. 

In  comparing  the  relative  or  specific  gravities  of  bodies,  it  is  neoei- 
sary  that  (here  should  be  some  standard  to  which  the  respective  weigWt 
may  be  referred.  It  might  be  staled  that  platina  is  aa  heavy  again  at 
silver,  and  that  cast  iron  is  not  much  more  than  half  as  heavy  (s  mel> 
cury ;  but  it  would  not  be  possible  from  these  data  to  decide  whether 
silver  would  sink  beneath  the  aurfiice  of  mercury  ^  for  though  it  is  clear 
that  cast  iron  noald  float  on  mercury,  yet  unless  some  farther  iafonnt- 
tionweregiven,  no  comparison  couid  be  made  between  the  relative  ^is- 

vitiea  of  silver  and  mercury.     Supposing,  howeve-  '■  "■  ■  ' •■■-■ 

mercurjisthicleenlimesandn  bairthc      -'-   ^ 


■ad  a  ha]£  itaa  BeTen  timea  aod  a  half,  Uid  plaliaB  twealj-.otio  tiau 
it  will  be  obTiousthat  tbe  last-mentioned  mebil  would  siuliiamerciu 
jrtiilBBUveT  as  well  as  iron  trould  remnin  saapeoded  on  it. 

7'ableE  of  ibe  specific  gravities  of  i  ^etc  multitade  of  bodies  hsTS 

tm  constractedi  ahowing  their  reloCiva  weigbtB,  eipresaed  in  num- 

m  deaoting  in  wbal  ratio  they  eiceed  or  (bII  below  that  of  water. 

be  adoption  aFthisfluidiiBtbe  stgiidard  of  specific  grsTiCy  ia  attended 

4ritb  aeveral  adnmtages,  which  bave  ioduued  philosophers  in  general 

S>  consider  its  density,  under  certain  conditions  of  Cempernture  and  at- 

^.      _  ^ireBflurB,  as  affqrding  a  eonvenieol  poiol  of  oompariaon  to 

Vhicfa  may  bs  referred  the  densities  of  other  bodies,  whether  solids, 

"     ide,  or  gases."    The  eitraordioary  power  of  water  to  resist  com- 

nion  bj  mere  mecbanic  force,  except  under  aucb  airanmstances  as 

larslf  take  place.t  is  one  of  tlie  odTimtages  it  presents  ;  bat  in  the 

tacntion  of  experiments  of  a  delicate  nature,  the  pressure  of  tbe  at- 

oaphere  most  be  tslieninta  the  account  in  order  to  ensure  nccuncyin 

s  results  of  our  calculatiotis,    Altarnatiuaa  of  tempersLure,  as  to  heat 

li  cold,  also  aFect  the  bulk  of  water  so  considerablj  as  to  render  it 

molutdy  neceasary  that  any  suhslances,  whose  specific  gravity  we  winh 

Mttertain  by  eiperimentnl  comparison  with  tl^at  of  water,  should  hnre 

eiame  temperature  with  the  standard  liquid,  or  that  allowance  should 

inade  for  any  unafoidable  difference  of  temperature.     Furity  of  tbe 

atery  fluid  is  likewise,  as  may  be  supposed,  indispensahlv  requisite  ^ 

iD'Water  cBrefully  distilled,  and  thus  freed  from  all  foroign  impreg- 

itioQ,  is  therefore  to  be  preferred  in  the  prosecution  of  eiperimenta! 

aniries.    In  the  Philosophical  TrBosaotiona  for  17!)B,  is  a  memoir 

r  SirGeorgeStiackbargbErelyn,  containing  an  aceountof  numerous 

id  important  experiments  on  tbe  specilia  grnvity  of  water,  which  have 

Ifvod  as  tbe  foundatioa  of  subsequeut  researches.     He  found  tliat  u 
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tubic  inob  of  pare  diatilled  waE^r,  the  Imiomelei  standing  M  19.74 
iucliei,  and  Fabrenlieit'H  ttsrmometer  iit  66  degrBsa,  weigbiid  tSii.iST 
grains  Uoy.  NowitianweUascertsiDed  (act  that wBterattBtna  the  utmoM 
degree  of  denaiti  just  before  it  freeKfls,  its  bulk  being  relstively  leu  il 
■baul  40  deg.  of  Fabrenbeic  or  8  deg.  above  tbe  freening  point,  than  at 
any  point  eitber  bigber  or  lowec  in  tbe  acale.'  Tbe  difference  of  tb( 
weigbt  of  B  cubia  inch  of  distilled  water  at  40  deg.  and  at  60  deg.  ia 
aomnwbat  less  than  half  s  grain  troy,  wbence  it  ma^  be  made  lo  appeal 
from  calculation  Ibat  a  cubic  footof  pure  water,  at  its  greatest  denait/, 
vceigbs  almost  exactly  1000  ounces  avoirdupois,  or  61^  ponnda.  if, 
tberetbre,  tbe  specific  g'ravitj  of  water  be  represented  by  tbe  aomber 
1000,  each  of  the  numbers  in  tba  following  table  will  eipreas  the  eor- 
respoiiding  weights  of  a  cubic  foot  of  the  aeveral  bodies  included  in  il. 
Thus  a  cubic  foot  of  pure  gold  would  weigh  19,358  ounces  avoirda- 
pois,  and  an  equal  bulk  of  cork  but  240  ounces. 
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4gi<ufs,  and  Gain,  al 

<ini,«n 

d   D'|l> 

Water  at 

L  D.g. 

Platina,  laminated     . 

.  aS,069 

Iron,  cast 

7207 

purified       . 

.  19,500 

■ualleable 

77SB 

Gold,  caSt        .         . 

.  19,S5B 

Steel,  soft 

78SI 

.  19,361 

tempered 

7816 

standard,  ii  cara 

Is    17.4B6 

Tin,  cait 

T»9I 

Mercury,  fluid 

.  13,568 

Zinc  cast 

7190 

'   solid          . 

.  13,610 

Sulphate  of  Barytes 

"}' 

Moa 

Lead,  cost       . 

.  ll,3Se 

PoiderausSpa'r 

Silver,  cast      .        . 

.  10,474 

Oriental  Ruby 
Braailian  Ruby 

4ats 

.  10,510 

SSM 

Bismuth,  coat 

.     98*2 

Bohemian  Garnet 

4188 

Copper,  cast   . 

.      8788 

Oriental  Topaa 

Brass,  cost       , 

.      839S 

BrswlianTonai 

3S36 

.      8544 

Diamond 

Nickel,  cast    . 

.      7807 

Natural  Magnet 

«aa 

J 
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■.Spaz      .       .       .    S181 

Aniseed         .        .      986 

t  MwUe,  while        .    sasr 

nUscble.whita       .     £716 

Lavender        .         .       894 

Cmtil  ,          .         .     9653 

Clorea  .         .          .     1036 

1       .         .         .         .     8594 

Campbor            ...       988 

•teofLime,orSelenileS322 

Yellow  Amber           .         .      1078 

.teofSod8,orGUa.t    „„ 

While  SngBt     .         .         .     1606 

fB»lt            .        . 

Honey      ....     1450 

ide  of   Sodiuio,  01 

313.) 

While  Wax      ...      968 

pimonEidt    .        . 

CaQoUbouc.  or  Gum  Elastic   933 

IB    of   Potwb,    or 

c  .■  .■ 

3000 
1770 

Ivorj-        ....     1917 
lairgbisa            .         .         .     1111 
Milk,  cow'a      .        .        .     103S 

■i.oaliTO         .        .    3033 

Butler      .         .         .         .       94S 

M«o,or6IickLe>d      1B60 

Lignum  Vita!    .         .         .     1333 

™*'*'.'"<'''"'}i.« 

DatchBra       .        .        .     13S8 

Ebony       ....     117T 

lAcid'     .  '     .        .     1271 

Heaitof  Oak,  60  yews  feUed  1170 

^^M.U,con..       ,,, 

White  fir         .        .        .569 

WiUow    ....      685 

rit%?sah  "'*'"''.'"'}  "^* 

Saaaa&as  Wood        .        .      4es 

Poplar      .         .         ,         .383 

fBter         .         .    *           1030 

Cork        ....      340 

930 

Chlorine,  formerly  called}     „  „. 
Oxymoriatio  c'a.         .  f    ^-"^ 

oi  ; 

797 

Spirii    .     . 

933 

Carbonic  Acid,  or  Fixed  Air  1.64 

Brie  Elber 

734 

Oxygen  Gas    .        .        .      1.34 

M           .        . 

708 

Azouo,  OP  Nitrogan  Gas  .      0.98 

BdOil      . 

940 

Hydrogen  Gas         .        .      0-OS 

Oil 

915 

Imt  of  platins  will  be  JS,0G9,  the  last  (brae  lifrurea  baing  laken  aa         ■ 

■Is;  lieapMific  gCBvit/ ufatandurd  gold  will  be  17.486,  that  of        ■ 
■terl.OaO.thatoroliTB  oil  0.915  ;  antf  ao  on  Ihrauglioul  Ihe table,        ■ 

ing  the  spsclfic  gravities  of  Ibe  gases,  tlie  uumben  ol  'H\iwViaaM.    ■ 

J 

b*  Ihui  altered  to  indicste  the  relations  of  tl 

tluIofwBUr. 

Watet     .... 

Chlorine  ....  O.fXOttt 

Carbomc  Acid         .         .         .  0.0016* 

Oiygea  Gu   .         .         .         ■  0.00134 

NilrogBnGM  ■         .  .  0.00098 

Atmoipberic  Air     .         .         .  0.00131 

Hjdrogen  Qua  ...        .  0.00003 

A>  men  or  the  eiperimentB,  wbeace  have  heen  dedoced  tbe  spBrib 
pavitiet  of  solid  ana  liquid  bodies,  hnve  been  made  on  cotnpinMtr»l;r 
■tnnll  i|Uanti(ieB  of  ^lege  aubstancua,  the  nmnbera  assigned  to  then  ti« 
innnsi'tl  di^ri red  from  raloulatuin  ;  and  consequent^  cuuuitbawr 
•lilMred  U  in  all  caaea  perfectly  accurate.  In  general,  honreTw,  di 
numbWii  Id  iliu  preceding  table  will  be  found  to  ^ree  with  otbor  t» 
osntlj'  (lonttructed  tables  in  all  but  the  last  figure,  ibat  is,  to  two  phuM 
of  dnciingUi  which  will  be  nesT  enoogh  to  tbe  truth  for  all  oorant 
jiurpJMM  of  inquirv.    In  tablea,  professedly  eihibitiiig  the  ipeviSe 

StTltiBaof  bodiel,' in  numbers  constatinff  of  more  than  three  deaimdi, 
>  tattiii  Dumbars  must  often  be  obtained  merely  from  CHloulBtioD,  aail 
mlflht  na  well  he  omitted,  uoleaa  where  ihey  refat«  to  elastic  fluids  iv 
glMii,  whona  denaity  being  very  inconsiderable,  the  ratio  of  their  ip*- 
oiflo  gravity  to  tbol  of  water  cannot  be  conveniently  denoted  enepl 
by  employing  asveral  decimal  figures. 

Krom  tbe  foregoing  table  it  will  appear  that  ahnost  all  bodies  w3l 
float  on  th«  turfsce  of  meionrv;  gold  and  platina,  and  their  alloys,  bm>g 
ihii  only  (ubflances  known  of  higher  apecifio  grafity  than  tbat  meddlie 
fluid,  oxooptoneor  two  recently  discovered  metals  of  rare  occuirancei* 
Mdiy  bodisl  will  Scat  on  the  surfacea  of  inelala  white  in  fiiiion  :  and 
thus  earthy  and  other  substances  found  in  metallic  ores  rise  in  tl* 
•tat*  of  acoriffi  to  the  surface  of  the  melted  metal  io  the  pTocess  of  re- 
dilation.     The  lava  discharged  from  volcanoa  is  a  rery  dense  fluid, 

•  Iridium,  a  pociilJar  meiaUlc  substance  iIlKcovererj  by  Mi.  Smithson  Ten- 

Tonittm  III  M  rare  and  dlttculUy  tusMJle  oi*ai,'d«  »^iS*b  hwUt  ofwUcli  I* 
MaM  to  be  I7.a. 
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{(Bnl^mctsllia  ;  and  henco  Btonoiof  vast  bulk  BDdweigLt  are  frequently 

swimming  on  its  surface  wtiile  it  remninB  in  tbe  liquid  state. 

kinds  of  wood  will  flout  on  wnter,  and  but  few,  as  fir,  willow,  and 
}KiplBr,  on  rectified  spirit.  The  aolution  of  a  aolid  in  nay  liquid  in- 
I  its  density  ;  Ibos  aoa- water  is  heavier,  bnlkfor  bulk,  than  purs 
and  an  eg-g  which  will  aink  in  the  laltar  will  swim  in  brine, 
it  sometimes  happens  thnt  a  heavily  laden  resael,  after  haTing 
in  safely  across  uie  salt  sen,  sinks  on  entering  the  moutli  of  a 
inrnig  to  the  inferior  apeailic  grSTity  of  the  freah  water- 
specific  gravity  of  the  human  body  during  life  ia  in  m 


ewithtl 


tof  ri 
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Ktbtinc  of  sea- water;  so  that  thete  are  probably  but  fewpersi 
mmld  not  float  rery  near  the  surtace  of  the  aea  in  calm  weutbar.  Cor- 
tent  people  are,  bulk  for  bulk,  lighter  than  thoae  of  sparer  hubita ;  for 
>  adipose  mnnbrane  or  tiit  of  animuls  is  inferior  in  specific  gravity  la 
iCsr ;  whilst  lean  fleah,  unless  the  blood  and  other  juices  ore  drained 
00  it,  is  of  higher  specific  gravity  tban  water,  and  bone  is  propor- 
Smallr  ranch  heavier  than  the  aoft  pnrta  of  the  body.  Hence  it 
ti^ttbe  inferred  that  the  power  of  floating  on  nater  does  not  depend 
nnely  on  the  relative  Bpeoifio  grnrity  of  the  solids  and  liquids  which 
Iter  into  ths  composition  ofa  homan  body  ;  and  accnrdbgly  we  find 
^^^^t  die  body  of  a  person  destroyed  by  drowning,  or  thro  wo  into  water 
modiately  after  death,  will  aink  far  beneath  the  surface ;  but  afler 
nRd  days  have  elapsed  s  body  thus  treated  usually  rises  to  the  level 
'  tba  water,  in  consequence  oi^its  having  become  specilicalty  lighter 
D  that  ftuid,  IVom  the  accumutntion  of  gas  within  the  body,  produced 
rineipient  patrefaclion.  It  is  then  chiefly  owing  to  tlie  air  included 
I  the  cavities  of  (he  body  daring  lift),  especially  tliat  portion  contained 
'■  -^  Innga,  (hat  a  man  is  enabled  to  float  on  the  surface  of  a  pond  or 


'There  are,  however,  some  credible  acconntaeitant  of  person 
rare  so  much  inferior  in  speoiGc  gravity  to  water,  eb 
itdescend  beneath  its  SDrfnce;  not  possessing  that  "ali 
"  which  may  be  literally  attributed  to  most  individuals.  '  In 
fffft  there  was  a  priest  residing  at  Naples,  named  Paulo  Mocciat 
fcoBBOirtranrdinBry  facility  of  flotation  attracted  much  5iub"' 
JU  ecclesiastic  could  swim  on  the  sea  like  a  duck  ;  when  __  . 
perpendicular  position,  tbe  water  stood  on  a  level  with  the  qv<-  ot  Vi 
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titamach  ;  and  it  is  Btated  that  when  dragged  under  the  wHtor  1^  ona  ot 
luotD  persons  who  bad  dived  foe  tlist  purpose,  u  soon  »B  be  was  re- 
leased, his  body  would  rapidly  rise  to  the  surface.  It  appeara  that  tb« 
weigbloftbiB  gentlemau's  body  was  tbirty  pounds  less  Iben  tbatofui 
oqual  bulk  of  Bt«-w»ter.  TIub  peculiarity  of  conformation  doubtless  de- 
pended partly  on  Ilia  being  eiliemelj  ftl,  and  baring  very  small  bmea ; 
baaidea  wbich,  probably  his  luDga  were  cap*ble  of  holding  a  latgjcr 
quantity  of  air  Chan  is  usual,  and  there  might  also  bare  been  an  accu- 
mulation of  air  in  the  abdomen,  arising  from  the  diaeaae  called  tyni' 
fiBUT,  or  from  some  other  cause. 

Most  Tery  corpulent  people,  who  are  at  the  same  time  strong  ami 
healthy,  would  perhaps  find  on  trial  that  their  bodies  would  float  on 
water ;  and  those  who  do  not  happen  to  be  endowed  with  a  supei- 
Bhundanoeof  fat  might  atill  in  almoBtallcasea,  with  a  little  applicaliDn, 
acquire  the  habit  of  floating  with  facility.  The  capability  of  brentbing 
freely  and  nt  regular  intervals  is  essentiaUyTequisite  to  enable  a  person 
to  support  himself  on  the  surface  of  water.  The  head,  and  the  upper 
and  lower  extremities  sre  lelatiyely  hesrier  than  Ibe  trunk  of  the  hn- 
man  body  ;  and  the  head  eapecially,  from  the  quantity  of  bone  of  wbicb 
It  is  composed,  is  the  heaviest  part  of  (he  whole  maaH,  yet  nnleos  tbs 
face  at  least  be  ke[it  above  water  Tespirstion  cannot  be  continued,     ll 

is  ili«r«rDr«  of  the  highest  importwce  thu  all  persons  should  b«  pei- 

featly  aware  of  tbe  precautions  necessary  for  this  purpose;  ao  that  any 
one  acoidentalljr  falling  into  the  witer,  and  brang  unable  to  swim,  may 
be  instructed  how  to  escape  a  watery  grave.  A  person  auddenlj  im- 
mersed in  water,  if  not  absolutely  deprived  of  self-possession  by 
fright,  should,  on  coming  to  the  surface  after  the  Erst  plung«,  endea- 
vour to  turn  on  the  back,  carefuUv  keeping  the  bands  doH-n,  with  llie 
palms  etlended  towards  the  bottom  of  the  water,  the  legs  being  suf- 
fered to  sink  rather  lower  than  the  trunk ;  the  only  parts  above  the 
surAice  will  then  be  the  face  and  a  amali  portion  of  the  cheat :  at  eaeh 
inspiration  more  of  the  head  and  chest  will  rise  above  the  water,  tad 
perhaps  those  parts  will  at  first  be  for  a  moment  covered  with  the 
aqueous  fluid  at  tbe  interval  of  aipiration  of  the  air.  Every  thing  de- 
pends on  making  no  eflort  to  raiae  or  keep  out  of  water  any  pan  ex- 
cept the  fece,  and  endeavouring  to  keep  the  lungs,  and  consequently 
the  olie«t  ss  much  expanded  as  possible,  wiiliout  uuDg  any  irregular 
'-—    'n  breatblDgi  oad  it  may  be  proper  to  asution  persons  tbol 
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led  against  struggling  or  Bcreaming,  aa  ■worte  tliin  naeleas  ; 

mj  one  whomighl  yield  usisunoe  Bhauld  be  within  mil, 
It  Trnuld  be  beet  to  wait  till  the  6rat  alBrm  Lul  subeided,  and  tbea  Ilia 
fBV<dimlary  bather,  conscioue  of  ROiDpsratiie  Hecuritj,  might  use  his 
ToicB  nith  due  affect,  sod  without  encreasing  tha  haEHrd  of  big  situ- 

icqnBintBQce  with  (be  art  of  awimming  can  alone  giTB  sper< 
;  confidence  of  safety  when  by  accident  immersed  in  watBfi 
lamented  that  this  ia  not  a  more  genend  Bccomplidimeitt!|    ■ 
IB  wliicb  must  frequently  prove  of  great  utility ;  and  it  it   I 
s  desired  tbat  it  should  become  a  branch  of  education  M    ' 
Mihoola  for  boya,  bb  being  of  higher  importanae  than  the  more  fashioiH 
'  le  »rls  of  dancing,  fencing,  oreTen  gymnaBtioa, 
It  may  be  queationed  ivhetber  written  inatructiona  alone  would  en- 
«Ue  any  one  lo  acquire  a  lacility  in  swimming  ;  and  admilting  tbait 

than  a  cursory  notice.  In  awimming  as  in  floating  tha 
-cbief  object  of  attention  muat  be  to  keep  ibe  face  aboTe  water,  while 
'the  limbs  are  immersed ;  but  from  the  different  position  required,  it 
must  be  apparent  that  in  awiniming,  not  the  face  alone,  bat  nearly  tha 
vTrhole  head  must  be  susuinnd  above  the  aurface.  In  making  s  £rst 
-attempt,  the  advice  of  Ur.  franklin  may  be  followed,  where  he  directs 
tbe  learner  to  walk  ioto  water  till  he  reaches  a  place  where  it  Btunda  aa 
fdgh  Hs  his  breast,  and  dropping  in  to  the  clear  stream  an  egg  ;  aa  soon 
>«ail  baa  reached  the  botlom,  be  ia  to  lean  forwards,  resting  on  the 
water,  and  endeavour  to  take  up  the  egg.  wben  be  will  become  bbd. 
tf  Mb  of  the  upward  pressure  or  reaistince  of  the  fluid  j  and  flndin°  that 
.il  is  not  HO  esay  to  aiok  as  might  have  been  previously  auppoaed,  the 
^ong  adventorer  would  acquire  confidence  in  his  owneffona,  Ihevalu- 
dtle  mull  of  experience.  Refernng  those  who  wish  for  full  ingtruc- 
in  the  art  of  awimming  to  works  more  immediately  devoted  to 
mbject,  a  few  remarks  may  be  added  on  the  artificial  aids  which 
have  beeo  recommended  to  those  who  are  learning  to  swim.  Corks  or 
blown  bladdais  littet!  by  strings  passing  under  the  arms  and  across  tbe 
■heat,  will  aSbrd  material  assiatuace  in  supporting  tbe  upper  part  of 
(Aa  body  in  a  proper  position  ;  but  they  perhaps  laLher  U«A  Vi  i«Vh& 
than  facililBte  tbe  progress  of  the  ieamer,  by  \eaiiiii^  \uia  lo  ^«na  *. 
'■'—  Bttimale  of  the  remstance  of  the  water  ;   so  tibttX  a»  K>o-n.*.*V< 
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makes  on  aiperimont  without  the  corks  he  finda  himself  obliged  10  »• 
oommence  his  tusk,  and  aluily  it  on  a  different  plui  whiah  might  *a 
wall  iutve  been  adopted  at  Gral.  If,  however,  cnrka  or  bladders  abonld 
be  need,  it  ia  highly  neceasary  tbet  Ifaey  should  be  secured  from  alip- 

ting  down  to  the  liips,  and  thna  causing  (be  swimmer  to  fall  with  the 
ead  vertically  downwarda,  and  incur  the  moat  imminuat  rijdc  of 
drowning. 

Asleaa  eiertian  would  be  required  in  the  poaitian  of  floating  than  in 
that  of  awimmitig,  (hers  would  perhaps  be  some  advantage  in  aeqiiiiiag 
the  power  of  Sotation,  la  above  described,  previously  to  attempting 
U  swim.  This  having  been  effected,  the  learner  might,  instesd  sF  th* 
common  expedient  of  using  corks,  procure  a  two-inch  deal  plunk,  ten 
or  twelve  feet  long,  and  placing  it  in  the  water,  lay  bold  of  it  with  ont 
or  both  hands  and  puab  it  before  him  while  learning  to  strike  with  bji 
lega.  Jiut  this  or  any  other  artiGcial  modes  of  practice  that  maj  b« 
adopted,  should  be  lai<l  aside  as  apeedily  na  possible,  as  tile  leuDsi 
oonnot  too  aoan  make  himself  acquainted  with  the  iirecise  effect  of  tlw 
pressure  of  the  fluid  in  which  he  is  moving,  and  with  bia  own  stretigtb 
and  power  of  action;  and  till  sucli  knowledge  is  attained  be  will  mijt« 
but  slow  progress  in  the  art  of  swimming. 

Tlie  method  of  communicuting  buoyancy  to  solids  of  greater  specific 
gravity  tboD  water,  and  eoabling  them  to  float  in  that  fluid,  b^inclauog 
within  them  air  or  goa.  ja  sasceptible  of  application  to  D  variety  of  uj^ 
ful  purpo-^ea.  It  has  accordingly  been  adopted  in  the  oonslrnelian  at 
swimming-girdles,  life-preserving  belts,  and  air-jackets,  which  likfltb* 
bladders  noticed  nbove,  are  merely  bags  of  different  shapes  contrived 
■o  SB  lo  be  inflated  witli  air,  and  worn  round  the  upper  part  of  lb* 
body.  Life-boats  or  safety-boats,  as  thay  are  soiaetimea  called,  are  ren> 
dered  buoyoat  by  foroiing  in  their  sides  air-tiebt  cells  or  lockeis,  of 
salBcieot  dimenaious  to  prevent  the  bostfrom  sinking  even  when  evetjr 
Ether  part  of  it  is  filled  with  water.  It  baa  recently  been  proposed  U 
extend  thia  principle  lo  ressela  of  any  size,  and  thus  lo  prevent  hetvilf 
laden  merchant  ships  or  men  of  war  from  Toundering  at  sea.  Tm 
scheme  consists  in  the  employment  of  copper  tubes  of  a  oylindrinl 
form,  hermetically  closed  at  the  ends  and  aufficiently  large  and  n  " ' 
roue  to  contain  aa  much  atmospheric  air  as  would  cauae  a  ahip  to  i„ 
when  in  consequence  of  having  sprung  a  leak  it  would  atherwiaa  li 
It  is  ataCed  by  the  inventor  of  these  safety  tubes,  Mr.  Ralph  V" 
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ud  rrom  IshIi,  irmilii  not  re 


tlM'ui  ftigltly-gnn  ablp,  even  n-tmn 
quite  the  applicatiou  nfaucli  tubbs 
rOt  water  than  vould  be  sufficient  to  support  !£40  toas  of  its  immense 

'   Fiihesin  general  nre  pro»iiied  by  nalara  witb  s  peculiar  Rpparatuj, 

iVllii:]!  ennhles  them  to  swiiu  witti  Ibe  utmost  fucility,  sail  to  uscend 

s  surface  of  the  natur,  or  ili-sceiid  tu  n  couBidernble  depth 

by  means  of  n  membrnnouB  bug  or  bladder  containing  ail, 

ilHiiclitbaj  can  distend  <a  contract,  und  thus  alter  tlieiT  specific  gravity 

^soniing  to  circumstBDccB.     Tbe  Toad- flab  (Antennaiiaa  Isfigntui) 

ia  laid  distends  its  stomach,  by  awalloiring  air,  to  assist  it  in 

*>iiiiiUDg,  and  becomes  puffed  up  like  a  blown  bladder,  in  tbe  same 

tuner  ae  tbe  globe  or  balloon  fish. 

An  experiment  has  been  preriously  related  eihihitiDg  tbe  effect  of 
«  pressure  of  nater  upward  in  supportini;  a  plate  of  metal,  in  ocntact 
Iremitv  ofanoiien  cdinder,  from  which  it  may  be  in. 
iritj,  as  gold  or  platina,  mar 
ir  any  other  liquid,  provided  tbe  ffoatinp 
DDOf  oe  01  Bucn  a  mrtn  mat  its  upper  surface  mar  be  protected  Irom 
Ae  pressure  of  the  liquid  by  a  column  of  sir,  the  depth  of  which  bears 
■  oertam  proportion  to  the  apeoiSc  grarity  of  the  solid.  It  is  tbns  Utax 
a  eblns  tea-cup,  though  much  heavier  than  an  equal  bulk  of  ffster,  will 
jTrt  float  on  thsl  liquid  if  planed  in  it  with  its  cavity  upwards  and 
empty  i  but  on  pouring  water  into  it,  the  cup  will  descend  in  oonae. 
quenee  of  the  aii  withiu  ita  cavity  being- displaced  by  tbe  heavier  fiuid; 
till  at  leDgth,  when  so  mnch  water  has  been  poured  in  as  to  render  tbe 
cup  nnil  water  lo(;Glher  heavier  than  a  quantity  of  water  equal  to  tbe 
ipaoe  the  cup  occupies  when  immersed  lo  its  edge,  (t  will  sink  to  tbe 
bottom. 

A  raft  will  float,  because  it  is  absolutely  lighter  than  water,  and  a 
ilfs-bont  also  for  tbe  same  reason  ;  but  vessels  in  general,  from  the 
oock-boHt  to  the  largest  man  of  war,  owe  their  buoyancy  to  their  con- 
cave form.  Hence  ships  need  not  be  built  of  llr  or  any  ligb^  wood, 
since  not  only  the  beaiieat  woods  might  be  used  but  even  llie  begviest 
..    ^t  Boating  vessels;  and  indeed  steam-boats  made  of 
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■beet  iion  hsve  TecentJj  heen  tried,  and  found  to  poasEBS  the  teqnuiM 
propetties  for  plflugbing  the  waves  with  perfect  facility  and  safety. 

Floating  boiUss  ma;  be  employed  to  raiae  Lenvy  substances  fromtbe 
bottom  of  B  river,  pond,  or  basin  of  water.  Tliua  a  aufficient  number 
of  air-tight  casks  migbtbe  attaobed  by  ropes  or  chains  to  a  large  block 
uf  granite  at  the  bottom  of  a  river  near  its  entrance  into  the  sen,  and 
the  ropes  being  adjusted  to  such  a  length  aa  to  keep  them  strained 
tightly  by  the  buojnncy  nf  tlie  casks  at  the  lowest  ebb  of  the  tide,  the 
block  would  be  raised  by  the  upward  preaeoTe  of  the  casks  at  high 
water.  Perhaps  this  method  of  raiaing  or  lowering  ponderous  masEes 
of  stone  might  be  advantageoasly  applied  to  practice  in  building 
bridges  or  piers  within  the  tide-way  of  ariver.  The  common  method 
of  regulating  the  supply  of  water  conveyed  by  pipes  into  a  cistern  by 
means  of  what  is  called  a  ball-cock,  depends  on  the  action  of  a  hallow 
^obe  of  Buchdimensionarelatively  to  the  thickneaaof  tbemetal  as  to 
keep  it  alvaya  floating  on  the  top  of  the  water  in  the  cistern.  A  long- 
wire  is  connected  with  the  ball  at  one  end,  and  at  Ilie  other  with  i 
valve  or  atop.cock,  on  which  it  arts  aa  a  lerei,  opening  it  wLea  the 
long  arm  of  the  lever  is  allowed  to  descend  by  the  ainlong  of  the  ball 
attached  to  that  end,  when  the  water  falls  in  the  cistern,  and  on  the 
contrary  closing  the  valve  when,  by  the  rising  of  the  hall  vcith  the 
water,  the  oistem  becomes  full,  and  the  lever  presses  oa  tbe  vnlve  or 
cock  and  keeps  it  shut,  so  that  the  cistern  can  never  be  tilled  beyond 
the  proper  bei^t. 

The  power  of  floating  bodies  may  also  be  applied  in  a  different 
manner  to  the  purpose  of  renderin  g  buoyant  other  bodies  attached  In 
ibem ;  and  among  the  varioua  applications  of  this  prinoiple  may  be 
noticed  the  ingenious  invention  called  tbe  water-csmel.  used  in  Hol- 
land and  also  in  Russia  and  at  Venice,  to  enable  large  and  heavy- 
laden  ships  to  pass  aboalsor  sand-banks.  Tlie  method  of  effecting  tbis 
object  coDsiats  of  tbe  apjdication  of  two  long  narrow  vessels  adapted 
to  tlie  sides  of  the  ship,  and  being  hollow  and  water-tight  (bey  ars 
filled  with  water,  and  then  let  down  and  firmly  seeured  on  each  side  of 
the  ship,  after  which  the  water  ta  to  be  pumped  ont  of  them,  and  the 
whole  mais,  consisting  of  the  ship  and  camel,  is  thus  rendered  apacifi* 
cally  lighter  than  before,  and  drawing  less  water  than  the  ship  '  " " 
did  previously,  the  shoal  or  aond-bank  may  be  passed  without  ' 
«r  groimding. 


k 
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TIm  teadfiDcy  of  a  floHtia^  body  to  a^gnme  b  particular  posiEton  wLen 
iwrtl^  iroiaetted  in  a  liquid,  and  to  retsia  or  lona  that  position  ac- 
tordiag  to  circumstances,  may  b«  elucidatiid  by  rercrance  to  the  doc- 
Irina  of  the  centra  o(  giarity.  aa  explained  nilli  relatiaa  to  solids.* 
When  a  aolid  body,  speciGcslly  lighter  than  water,  is  placed  on  its  sur- 
■""     '"     ■"    ■  '  ■  -  '    depth  at  which  the  absolute  weight  of  the 
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that  poiot  at  irhioh  i 
at  eSectiva  may  be  termed  ttie  oentre  ol 
■Dayam^,  which  must  evidently  coincide  with  tbe  centre  of  gravity  uf 
Ibe  portion  of  water  displaced  by  the  floating  body;  and  if  the  body  be 
tt  anifbrni  structure  nith  the  centre  of  gravity  of  that  part  of  it  wbich 
it  under  water.  A  floating  bocjv  cannot  maintain  itself  in  a  stale  of 
Vqnilibrium,  uiilesB  its  centre  of  gravity  be  situated  in  a  vertical  line 
~>er  its  centre  of  buoyancy,  or  immediately  under  that  point.  In  the 
nuer  cme  it  will  be  in  the  state  o(  instable  equilibriuin,  and  la  the 
tier  in  that  of  stable  etiuilihriom.t 

Hence  the  nee Bsaity  of  placing  iron  bars,  stones,  or  other  heavy 
bold  of  a  ship  by  way  of  ballast  when  it  is  not 
laden  with  very  light  merchandize,  io  order  that  its 
of  gravity  may  not  be  elevated  too  much  above  its  centre  of 
buoyancy*     It  is  not  requisite  that  the  centre  of  gravity  should  be  re- 
'  iced  below  the  centre  of  buoyancy,  for  though  such  a  disposition 
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■usage  through  the  waves  would  be  so  great  as  to  make  it  sail  heavily. 
Jb  detennining  the  proper  situation  of  those  points  regard  must  be  had 
ito  the  shape  and  dimensions  of  a  Tcsael  as  well  as  to  the  nature  of  the 
* — ;o  and  lading,  and  the  mnnoer  of  slowing  it;  and  on  a  due  attention 
lieae  circnfiist»nces  its  security  and  rate  of  sailing  must  in  a  great 

The  methods  adopted  for  aacertainingtbeapecitic  gravities  of  bodies 
m  founded  on  the  relation  between  bulk  or  dimension,  and  weight, 
■tbieh  may  be  determined  by  various  operadons,  according  to  the  na- 
^^^'t  of  tlie  BDveral  lubstancea,  whether  solid,  liquid,  or  gaseous,  to 

*  See  MecAoKlci,  pp.  5fi.  18.  t  See  pp.  60.  6i. 
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nhiah  iher  hth  applied.  The  relntive  datuiCj  of  differeat  Bolida  nay 
ba  discovered  hy  simply  weigbing  a  cubic  inch  of  each  :  but  unless  tha 
process  of  meuaurement  and  thnl  of  weighing  are  both  executed  with 
scrapulaiis  accunuy  the  result  must  be  nnceitaiD,  and  the  fonuer  of 
tbeaa  opentiooa  at  least,  must,  in  many  cases,  be  ilifficult,  Hud  in.  wnae 
impracticable.  Heucs  the  method  adopted  by  A. 
ferred,  and  it  ma^  be  improved  by  merely  ireighiiig  the  i 
eiperimeot  first  in  nir  and  then  in  water,  and  noting  Ihe  loss  of  weight 
Ibnt  takea  place  in  the  latter  case,  as  that  must  be  e^ual  to  the  weighl 
of  the  water  displaced  by  the  substiiDce  under  ezami nation.  On  tbi> 
principle  is  conatructed  the  hydroatatic  bulanee,  which  may  be  lued  to 
determine  (lie  specific  gi-avity  of  liquids,  aa  well  as  that  of'^aoUds,  J«c 
this  purpose  n  gtobulai  or  egg-shaped  mass  of  glass  or  ctvatal  muit  be 
suspended  by  ibair  or  fine  silk  thread  from  a  hook  at  the  Iwttom  of  oiw 
of  the  scales  of  an  accurate  balance,  end  its  weight  is  then  to  be  (scet- 
taiaed  lirst  in  Che  air,  next  in  distilled  water,  and  lastly  in  the  Quid 
whose  speoilio  gravity  is  required ;  then  by  deducting  tlie  loss  of 
weight  of  the  glass  in  w^ter  from  the  loas  obserted  when  it  was 
weighed  in  the  liquid,  the  apecific  gravity  of  the  latter,  with  reference  to 
that  of  water  will  be  obtained.  By  nsing  a  glass  glebe  of  such  dtmen- 
aioDS  as  to  lose  1000  grains  in  water,  its  loss  of  weight  in  any  liquid 
would  at  once  indicHte  the  BpeciHc  ^vitf  uf  that  liquid,  whether  fl 
be  heavier  or  lighter  than  water. 

Insoluble  solids  denser  than  water  ore  easily  subjeeted  to  ?xperi- 
raent;  bat  any  insoluble  solid  body,  which  is  specificnlly  lighter  Um 
water,  requires,  in  order  that  its  specific  gravllv  should  be  ascerUined, 
the  addition  of  some  heavier  aubatance,  so  that  Ihe  joint  mass  mav  b# 
made  Co  sink  in  water  ;  llien  its  weight  in  nir  and  in  that  Uquiil  re- 
spectivelT  being  determined,  the  specitic  gravitv  of  thu  lighter  sdlid 
will  be  the  difference  between  the  weight  of  tlie  Wavier  body  in  wotw 
alone,  and  lliut  of  the  Joint  mass,  deducted  from  the  diffsrence  of 
their  weight  in  air.  Solid  substances,  aeluble  in  water,  such  aa  salt!, 
may  have  their  specific  gravity  aacerlained  by  weighmg  them  in  olo*- 
hoi,  or  some  otlier  liquid  which  will  not  dissolve  them,  and  [hoir  ip*- 
cific  ^avity,  ivatei  being  the  stsndnrd,  maybe  found  by  compntal' 
or  they  may  be  weighed  in  water  nfter  being  defended  from  it 
by  coating  Uiem  thiuly  with  melted  beos-w-ai 
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Tlie  most  nmal  nnd  conveoienl  method  of  as- 
eertaining  Iha  apacific  grorilips  of  liquids  is  by 
meuis  of  an  hydrometer.  Tbis  ioatruinptiti  na 
repTGBen^d  io  flie  m&r^int  coaaiflta  of  a  hollow 
gliisa  ball  B,  with  &  smaller  baU  of  metal  C, 
appended  to  it,  and  wbicli,  from  its  superior 
Weigbt,  serves  to  keep  the  ioirtrument  in  a  vorti- 
cal position,  to  whatever  de|>th  it  may  be  im- 
BMned  in  B  liqnid.  From  the  largo  btdl  rises 
■>  kcvlindrical  stem  A  D.cm  vrbicb  are  marked  di- 
'  TinoiiB  into  equal  parts ;  and  the  deptb  to  whicb 
die  stem  will  sink  in  water,  or  any  other  liquid 
fined  on  aa  the  standard  of  speoifie  gravity  being 
known,  the  deplii  to  which  it  ainka  in  a  liquid 
whose  specific  grovityia  required  will  indicale,  by 
the  scale  of  equal  parta,  how  much  greater  or 
Leas  it  is  than  that  of  the  standard  liquid. 


•  Liquids  are  distinguished  by  the  properly  of  preserving  n  level  snt- 
I'fcee  vben  at  rest,  and  rising  to  the  same  height  in  any  number  or  va^ 
ftliaty  of  conununi  eating  tubes;  on  effect  resulting  from  the  joint  action 

■  of  Uie  cohesion  of  their  particles  and  the  influenee  of  universal  graii- 

■  (MlOtU  But  there  are  certain  aircumatancea  in  which  liquids  may  be 
t  plMed,  in  consequence  of  wbicb  the  pbenometia  will  be  remarkably 
I  BiDdlfied,  and  a  portion  of  a  liquid  mass  may  rise  far  above  the  com- 
I  num  loTol,  and  preaerre  its  elevation,  aa  if  exempt  from  (he  power  of 
I  gi»iiitf.  Water  may  bemade  to  rise  perpendicularlyto  a  great  height 
1  W  an  exbaosted  tube  ;  and  even  mercury,  one  of  the  heavieet  of  fluids. 

BWj  be  seen  to  be  elevated  in  tiie  same  manner  in  a  barometer  tube 
(9  or  30  inches  above  the  level  of  tbe  liquid  in  the  basin,  into  which 
the  open  end  of  the  lube  is  plunged.  But  in  tbese  cases,  aa  ire  shall 
Buhsequently  show,  the  itifluence  of  gravitation  ia  diatiuctly  percep- 
tible, and  tbe  liquids  rise  in  eihaustea  tubes,  in  consequence  of  pneu- 


HYDROSTATICS.  -^^^^^^^ 

There  U,  however,  snotlier  case  in  which  liquids  Hse  ebore  their 
commDii  surfooo  level,  uot  beinj;  inclosed  in  ezhsusted  tubes,  but  in 
lubes  open  st  both  ends,  or  between  solid  pUlOB  nearly  in  coataci. 
Tbis  phenomenon  i>  Btyled  CapillarUy,  and  a  said  to  be  caused  by 
Cuiiillary  Attriclion."  Instances  of  the  operation  of  this  principle  are 
constsutly  tailing  place  Hround  ua,  snd  though  highly  inleresting,  they 
Ire  overlooked  by  common  observers.  It'  u  slice  of  stale  bread  aa  inch 
square,  and  three  or  four  in  length,  be  beld  perpend icnUily  with  ono 
end  immersed  in  a  small  qusnCity  of  water  or  milk,  the  liquid  will 
HBceiid  through  the  pores  of  the  bread  till  it  is  entirely  absorbed,  and  if 
there  la  a  sufficient  (luantity  of  it,  the  bread  will  become  satursleJ 
with  the  moisture.  lu  the  same  manner  water  or  any  aqueous  fluid 
will  BBceud  and  spread  through  a  lump  of  sugar  or  a  heap  of  sand,  if 
the  base  of  either  be  immaieed  in  the  liquid.  Tubes  of  glass  having 
a  very  small  bore,  and  therefore  called  cspillory  or  hair-like,  if  dipped 
a  little  way  beneath  the  surface  of  water,  will  cause  the  Kqiud  (a 
ascend  to  a  hei|ht  bearing  a  certain  relation  la  the  diameter  of  the 
tube.  If  that  £ameter  be  ^  of  an  inch,  water  will  rise  to  SJJncbss: 
if  it  be  but  ,!,„  of  an  inch,  it  will  rise  5  inches  ;  and  so  on  in  the  lo- 
verse  ratio  of  the  diameter  of  the  tube.  Similar  effects  may  be  exfai' 
bited  bj  means  of  two  plates  of  glass,  ptaced  as  represented  in  fhe 
margin  in  a  shallow  vessel  of  water,  so  that  tbeir  edges  ou  one  aide. 
A  C,  may  be  in  contact,  and  at  the  other,  B  U  and  E  F,  somewhit 
separated.  The  liquid  will  then  rise 
between  the  plates,  stacdiog  highesl 
on  that  side  where  tliey  most  nearly 
approach,  and  gradually  decUning  to- 
wards the  aides  that  are  aepsfstad, 
the  upper  suriace  of  the  elevated 
portion  of  the  fluid  formiDg  lb* 
curreFGH.tbe  height  of  the  liquid  < 
at  any  point,  as  H,  being  greater  in 
— ""u,  aa  it  is  nearer  to  the  aid* 


e  plates  A  C. 


I  thaa^^^ 
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a  Bponge  imbibes 


It  is  ia  ODOaflqueuee  of  cnpillaiy  Mtra 
mter,  blol[Ju°:  pu;ier  absorbs  ink,  or  tbii  ou  rises  uuioat  tiie  ijore?  ot 
llie  cotton-wick  of  d  lamp.  Tlieae  effects  iire  msuifeillj  owing  to  a 
lommoii  CHuae,  and  we  lesrn  from  eipeiiiaenl  that  it  is  only  under 
isrtain  corulitionQ  thsl  diPT  take  place.  Tbna,  all  liquids  will  not  rise 
to  the  aome  height  in  tlie'same  tube,  for  water  »ilt  rise  higher  in  a 
ftspiUary  glass  tube  than  nloobol,  and  neither  of  these  liqaids  will  riM 
•t  all  in  the  finest  metallic  pipn,  nor  in  a  ^liiss  tube,  if  the  inside  of  it 
iW  fretay.  Mercury,  on  Uie  cODtrary,  will  not  rise  in  a  olean  glass 
■  e,  espBciallv  if  it  bo  wetted  ;  while  it  becomes  elevated,  when  thn 
Llie  le  lined  with  t  very  thin  film  of  bees'-wai  or  isllow.  These 
1  simitar  phenomena  have  greatly  attracted  the  attention  of  pbiloso- 
jduva,  and  given  rise  to  a  larietr  of  unaatisf^tory  hypotheses.  But 
bough  the  subject  ia  still  somewhat  obscure,  the  researches  of 
Clairauli  Young,  Laplace,  and  Poisaon,  have  materially  contributed 
'to  elusidate  the  cause  of  cspillury  Bttraclion,  and  thereibre  require 

Some  remaika  bnve  been  elsewhere  introduced,  relstire  to  the  effect 
tf  colieaive  attraction  on  the  pnrticles  of  liquids,  causing  them  to 
'HsD'ne  a  globular  figure,  and  on  the  modifications  produced  bj  tho 
Mtroction  of  solids  with  which  the  liquids  may  coma  in  contact.  It 
if  m  the  joint  operation  of  these  causes  under  psrticular  circum- 
Iff"^"  that  the  phenomena  of  capillarity  appear  to  depend.  It  is 
(baud  from  obaerration  that  whan  fluids  rise  in  capillary  tubes,  the 

«4Mn  the  fluids  do  not  rise,  ther  hare  conrex  surfaces,  or  stand 
lagbesc  in  tba  middle.  These  effects  are  manifeatly  owing,  in  the 
tet  case,  to  tbe  superiority  of  the  attractioa  between  the  liqaid  and 
As  tube  over  that  between  the  paiticlea  of  the  former;  and  in  tbe 
Mcond  case,  to  the  inferiority  of  the  former  attraction  compared  with 
L4b  Utter.  Hence  also  if  water  be  poured  into  n  glaas  tumbler  it  will 
ale  Bamewhst  at  tbe  edees,  while  mercury  poured  into  the  same  vessel 
mold  be  depressed  at  Ue  edges. 
In  consequence  of  molecular  altraobon,  tlie  paiticlaa  of  the  surface 
'•  body  are  drawn  towards  the  interior.     Laplace  has  demonstratwl 


by  cnlcDlalian  tbat  B  boclr  termii 
llie  moIeculf^A  af  ilA  surttu^c^  nn  acli 
Inku  place  iu  b  hoAj  witli  n  pUpe  surface,  'lliis  action  U  weskn 
when  the  surfiHw  is  coDcice,  and  alrouger  when  it  is  convei.  If  the 
■uriiice  is  tL  partioD  of  a  aphere,  the  action  will  b«  in  the  iDTerBe  ntio 
of  ill  radius.  If  the  aurface  is  not  a  portion  of  a  sphere,  the  nctioii 
will  depend  on  half  the  mirn  of  tlie  acCioiu  of  two  spheres,  having  fin 
their  radii  the  greeteat  and  the  leaat  radiua  of  enrrature  of  ttie  surlaM 
Kl  the  point  under  conaideratlDn,  Henoe  maj  be  deduced  the  caun 
aftiie  phenomena  of  capillarity:  for  when  the  mutnaJ  attiactioD  of  Ito 
mdMUlea  uf  a  liquid  ig  more  {eeble  than  the  attractioD  of  eolid  bodin 
which  are  plunged  in  it,  or  which  aurrnund  it,  the  liquid  will  be  draim 
to  n  very  minute  distance  above  its  lerel,  which  will  cause  it  to  hare  a 
ooDcava  surfaea  and  thia  happens,  becaase  the  moleoulur  attracdoD 
of  the  liquid  neat  the  body  being  less  than  that  which  gets  on  its  plus 
HUrfaca  aituated  further  distant,  it  must  become  derated  tni  the 
equilibrium  is  re-established.  When  two  bodiea  ore  sufficiendj 
near  to  each  other  for  the  curved  surfaces  to  croas,  tbej  will  fonn 
one  surface,  of  which  the  conoarity  is  proportionablj  deeper,  uid 
therefore  a  liquid  will  be  more  elB»aled  between  two  bodies  tbiD 
ii^ainst  the  surface  of  one,  since  the  height  of  the  column  mugt  be 
■uflicieut  fur  its  weiglit  to  cauDlerbalance  the  action  of  the  two  mi- 
facDs.  When  the  mutual  attraction  of  the  molecules  of  a  liquid  ii 
ilroiifor  than  the  attraction  of  bodies  plunged  in  it,  it  will  form  be- 
tween the  two  plateg  a  convex  surface,  for  the  liqaid  being  acted  cm 
by  a  force  greater  than  the  attrsotion  uf  the  pistes  must  sink  between 
tn*m  to  preserve  the  equilibrium. 

In  ntrrow  tubes  the  surface  of  a  liquid  will  approach  nearly  to  the 
Ggnre  of  a  hemisphere,  and  its  segments  in  the  tubes,  as  they  become 
more  and  more  contracted,  are  almost  exactly  similar ;  whence  it  n- 
•uUs  that  the  radii  of  curvature  are  as  the  diameters  of  the  tubcii 
tlierebre  the  action  ofthesurlHce  follows  Hieinrerse  ratio  of  the  dia- 
meters of  Ihu  tubes  ;  and  consequently  the  elevation  or  depresaion  of 
the  liquid  column  will  be  dependent  on  the  same  principles.  This 
appears  from  experience;  for  in  a  series  of  tubes,  of  which  the  dJame- 
tnra  are  1,  },  j.  &C.,  the  eleralions  or  depressions  will  be  1. 1,  3.  &c- 
OMyeeea  twopluloa  of  glaas  ttou^V.  tiew  Vo  wiolv  other, 

"'       r  deprsasiou  will  bo  in  Ab  ii 


a  ralaa  (^  'ilw  Stwaux  tjl'&i 
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»i  but  it  muEt  be  obaeiTed  tbst  tbe  liquid  will  rise  be' 
»  to  01117  balf  tlie  beight  ihnt  it  would  iu  d  tube  of  the  snmi 
IT  witb  tlie  ioteival  between  tiuuo.     Tbe  reason  of  this  is  ob' 
]  in  a  tube  the  ootiDn  of  the  curved  Burfucu  ii  liolf  the  si 
WtioD*  of  two  spheres,  b«ving  for  their  radii  the  greatest  ai 
,  tadtUB  of  curvature,  while  in  the  cnse  of  (wo  parallel  plates,  tl 
of  the  attraction  of  the  aurfnce  reciptocal  to  one  of  the  radii  d:_  . 
and  there  only  remains  the  netuin   dependent  on  the  other 
IIS,  conaequently  the  iirlion  is  cliniinislipd  hy  one-half." 
The  preceding  obsi'rvations  shdm  tiie  niiiiiner  in  which  the  mole- 

with  them,  as  eiLibitecl  by  the  ascent  of  liquids  in  capillarf  lube). 
there  is  bq  important  citcumetance  connectad  with  this  pheno- 
lon,  wbicb  esca|)ed  the  attention  of  Laplace  and  other  philosophers 
1  it  was  pointed  out  by  M.  Poisson,  in  an  article  on  tbe  Equili- 
mof  Fluids,  published  in  the  ninth  volume  of  the  "  Memoirs  of  the 
dtfflj  of  BciencBH,"  and  mcrB  fully  developed  in  bis  "  Nouvelle 
wio  de  I'Action  Cnpillairo."  This  is  tbe  remarkable  inferiority  of 
isi^  which  takes  plane  near  the  nirposed  surface  of  a  liquid,  tha 
—re  and  effect  of  which  are  thus  conciaelj  explained  by  a  writer  in 
'iodical  jonmal.  ■' Let  ub  conceive  an  infinitely  tbin  stralum  or 
:le  of  liquid  (which  we  aball  call  A)  to  be  isolated,  and  then  con- 
er  the  pressing  force  which  it  sustains.  In  the  interior  of  the 
lid  the  two  faces  of  A  are  equally  comjiressed  by  the  action  of  the 
itignoDB  molecules,  which  action  is  proportional  (o  the  excess  of  the 
^oIuTe  shove  the  attractive  forces.  Now  the  only  molecules  of  the 
inid  which  can  act  on  A,  are  those  which  form,  ou  eaeli  side  of  it,  a 
of  which  the  IhickneEs  is  equal  to  the  radius  of  the  sphere  of 
aulecular  action.  Hence  every  other  stratum  of  the  liquid  at  a 
sible  distance  tram  the  sarlace,  sustains  exactly  the  same  com- 
ision  as  A ;  and,  therelbre,  the  density  is  equal  throughout,  ab- 
iding from  tha  small  effect  prodnced  bytheactioD  of  gravitv.  But 
an  the  diatBDce  of  A  from  the  surface  of  tha  liquid  ia  lesa  than  the 
jus  of  molecular  action,  it  is  evident  that  the  number  of  molecules 
lag  oa  its  exterior  face  is  diiuiaished,Bad  consequently  the  pressure 
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Ill  tliaC  face  do  langer  balances  the  pressure  on  the  other.  The  jg 
iterior  face  of  A  liiminiaheg  very  rapidly  u  the  diM 
m  the  aurface  is  diniiniBhed  ;  nt  tlie  Biirihce  it  TaEighi 
Hence  the  densitj  of  tfa«  liquid  near  llie  aurfiice  diminishse  *etj> 
ia}iid1y,  according  to  an  unknown  law  ;  and  at  the  aurface  is  allogelhei 
different  from  irhat  it  ie  at  a  depth  exceeding  b;  the  aioHlleet  ]ioHib1e 
quinlity  the  radius  of  the  sphere  of  molecular  act' 
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Whck  the  equilibrium  arisinc;  from  the  weight  and  conseqaeBtg 
niTB  of  liquida  is  disturbed,  motion  will  take  place;  and  the  UnC 
whioh  it  is  rcK"'"*'^'!  "b  the  same  with  those  wbici 

of  solid  bodies.  The  vBlocity  of  flowing  water,  lika  that  of  fUS^ 
bodies,  depends  on  |TaTiIattve  attraction,  and  is  to  be  astimated  on  dia 
same  priociples ;  sndtbe  pbeoomen a  exhibited  by  jelsof  water.orolW 
spoabDf  liquids,  are  analogous  to  tliose  displayed  by  solids  projected 
tlirough  the  HJr,  tbu  effects  in  both  cbbm  depending  on  the  openlioQ  of 
aimdar  causes. 

Among  the  circnmstnncps  which  influenoe  the  motiona  of  liquidi, 
one  of  the  most  important  is  the  weight  of  the  air,  producing  ntmospbaric 
pressure  ;  and  to  this  force  the  moat  powerful  and  nsefal  macbines  foi 
raigiug  water  cbieliy  owe  tlieir  elliciency.  Such  are  the  various  kinds 
of  puBjps,  fire-engines,  and  siphoDB,  which  are  rather  to  ha  considered 
as  pneumatic  than  as  bydniulie  macbinea,  resembling  in  their  mode  of 
Ktion  tbe  barometer  and  the  couimon  gyring ;  their  coustruction  and 
HffectB  may  therefore  be  most  advantageously  investigated  and  ex- 
plained in  treating  of  pneumatics.  Indeed  that  braDch  of  bvdroata- 
tical  science,  whic))  relates  to  lite  motion  of  liquids,  ia  so  intimately 
connected  with  tbe  tbooir  of  motion  as  applicable  to  all  fluids,  whether 
'■-lid  or  gaaeoas,  that  in  a  systematic  treatise  the  subjecta  could  ob^ 
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B  between  tbe 


with  pivpciet;  be  separated.    But  the  mute 

different  ilepBrtmenta  of  tbe  natarel  Ecieoces  are  bo  namemua  it  to 
render  tbem  suaceptible  ol  THriauH  modes  of  arrnagemsnt,  the  re- 
3)HNitire  adraiitai^  of  wbich  may  be  estimaled  accordiog  to  circam- 
stsncSB.  In  BlatiDi;  tbe  elementary  priaeiplea  of  a  science,  direiaity 
of  form  Bud  metbod,  as  well  as  of  illuscntion,  maj  be  adapted  ;  as  tbns 
bolb  tbe  judgment  and  the  memory  of  tbe  student  will  be  aasiated 
by  tbe  exhibition  of  important  truths  under  different  points  of  view. 

At  present,  therefore,  we  ahall  confine  our  atleotian  Co  the  eS^ts  of 
tbe  matioa  of  liquids  on  different  parts  of  connected  manses,  or  on 
■olida  with  which  they  may  come  in  contact ;  and  afterwards  brietiy 
notice  the  coDatraction  and  mode  of  action  of  tboae  maobineg  whose 
power  depends  on  (be  weight  or  presaure  of  flowing  liquids,  or  on  tJie 
pressure  or  impact  of  liquida  on  solid  bodies. 

In  cnnseqaence  of  the  imperfect  cohesion  of  their  conatitueDt  par- 
ticlea,  liquids  present  some  peculiarappearancei,  wheathey  fall  through 
IhaiiiAueaceorpitsritatioD.  A  continuous  solid  mssswill  slwnys  re- 
iiuin  at  leatwhile  ite  centre  of  gravity  is  supported  ;  thus  it  may  be 
sustained  by  net-n-ork,  or  suspended  by  a  line,  as  securely  and  stea- 
dily as  if  it  were  inclosed  on  ell  sides;  hot  an  unconnected  mass,  as  a 
heap  of  sand,  can  bare  no  common  centre  of  gravity,  and  therefore  lu 
ptBaerre  its  stability  ei^ry  separate  grain  must  be  supported.  Water, 
or  mjaiiDilar  liquid,  iii  order  to  keep  it  in  tbe  state  ol  equilibrium,  re- 
qyirea  support  even  to  s  greater  extent  than  a  disintegrated  solid,  or 
powder  1  for  auoh  ia  the  peculiar  attraction  existing  between  the  par- 
tielas  of  a  liquid,  that  unless  tbe  whole  mass  be  supported  laterally  as 
well  HS  at  the  base,  it  will  spi-ead  dd  that  aide  where  the  pressure  is 
witbdiswn  till  every  part  has  attained  aconunon  lerel.  Ibis  property, 
and  its  effects  in  producing  pressure  in  liquids  at  rest,  bare  been 
already  noticed,  and  those  which  are  exhibiteu  by  Sowing  liquids  are 
now  to  be  developed. 

When  water  contained  in  a  deep  vessel  is  suffered  to  escape  from 
in  aperture  in  the  bottom,  it  Bows  in  a  continued  stteani,  formed  by 
the  pressure  of  the  liquid  acting  most  powerfully  against  that  point 
from  which  the  support  has  been  withdrawn.  The  combined  effect  of 
the  hydrostatic  pressure,  and  the  cohesion  of  the  paiticlea  of  the 
watn'y  fluid  catiies  variona  movemniti  in  the  flowing  stream,  whioh 


ornately  observed  bj  using  a  glass  jar,  and  mixing  with  ihf 
._!..;_._       :■       ,  genlingwai.  the  apecific 

in  a  trifling  degree,  the; 
H'itb  tlie  current,  and  exhibit  ita  intemal  niotiona. 
_     _  Tlie  onneited  figure  will  aei^e  lo  abow  the  maiuier 

r  in  wbich  the  liquid  descends,  at  first  in  liorizDntsl 

I  I       strata,  and  aftemuds,  when  a  portion  has  eacnped. 

I  {he  sarface  becomea  depressed  in  tbe  centre,  till 

'LI  length,  vben  it  appronchea  the  bottom,  it  as- 
sumes the  form  of  a  funneli  or  hollow  iarertad 
lOiie,  which  it  retains  tiU  the  Teasel  is  nearly 
i-iuptied.  If  the  aperture  be  made  iu  the  side  of 
''  t}j(.<  vessel,  and  close  to  the  bottutn,  the  buds  ip- 

Hl  punrances  may  be  obserred,  with  the  eiception  of 

'"'''  the  hollow  cone,  wbich  in  this  caae  does  not  ocoor, 

the  liquid  remaining  level  at  the  surface  till  it  ainksiiown  totheorifics. 
Aa  thecontmon  direction  of  ihe  particles  of  tlie  deacending  liquid  i* 
towards  s  central  point,  indicated  bj  the  course  which  the  floating 
Iragments  of  Baelingwai  take  towards  the  aperture,  the  stream  mnst 
become  compressed,  and  consequently  aomewbat  contracted  at  that 
point.  Ita  situation  depends  much  on  the  size  of  the  aperture  ;  and 
when  that  is  very  small,  end  the  side  ef  the  vessel  in  which  it  ii 
pierced  extremely  tBin,  the  greatest  contraction  of  Ihe  jet  will  take 
place  at  (be  distance  of  about  half  the  diameter  of  the  orifice  beyODd  it; 
and  at  that  point  the  diameter  of  the  liquid  vein  will  b«  to  the  diunew 
of  the  orifice  nearly  in  the  proportion  ol  5toB,  whatever  be  the  hei^t 
of  tha  liquid  in  the  veaael  from  which  it  flows.  Tbiscontractionoftlia 
liquid  vein  may  be  equally  observed  whan  the  discharge  talies  place 
&ORI  an  aperture  in  the  side  of  a  veasel,  and  likewise  wlien  the  liquid 
ia  projected  vertically  upwards,  aa  in  j«ii-d>au. 

The  point  of  gieateat  contraction  in  a  stream  of  flowing  water,  or  i>f 
any  other  liquid,  must  manifestly  be  also  the  point  where  it  hu  the 
palest  velocity,  aa  it  is  there  that  the  hydrostatic  pressure  acta  witll 
greatest  Bfleet.  In  estimating  the  velocity  of  a  liquid  issuing  from  ID 
aperture  in  the  side  or  the  bottom  of  any  vbsbbI,  it  will  be  found  to  de* 
pand  on  the  venical  height  of  the  water  within  the  veaael ;  and  ii 
every  usae  it  wiJJ  be  equal  lo  the  velocity  that  abody  would  acqi  '"^^ 
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[  tJiningh  a  space  equal  to  that  height.  Hence  it  aBanot  be  uni- 
inleas  the  water  is  supplied  as  fust  as  it  is  diBclmi^ed,  and  thus 
[wB}ia  at  the  auue  level.  Suppose  than  two  reaaela,  one  of  which 
pbes  in  height,  aud  the  other  iO  inchin,  to  be  tilled  with  water, 
laving  a  ciicular  orilice  at  the  bottom  J  of  an  luch  in  diameter,  if 
e  opened,  and  the  reasela  kept  constwitl  j  full  bj  a  supply  of  water 
,ibB  taller  leaael  will  discharge  shout  SI  ounces  of  water  in  a 
B  of  a  minute,  and  the  aborter  vessel  about  11  ouucesinlLesame 
of  time.  Thus,  estimating  tha  relatiia  velocitj  otthe  stream  io 
ro  vessels  by  the  qusnttties  diacbarged  by  each  in  a  given  time, 
if  the  stream  from  the  taller  vessel  will  be  to  that  from  the 
I,  aa  2  to  1,  □early  i  aad  the  velocities  would  be  eiactlr  in  that 
but  for  the  effect  of  friction  between  the  particles  of  the  liquid 
be  aides  of  Che  vessel,  and  the  resistance  of  the  air,  which  pro- 
nally  diminish  the  diBchatge  from  the  taller  vessel  somewhat 
than  that  from  the  shorter  one.  Now  taking  the  velocitieB  as 
,  ]h6  height  of  the  taller  ves«el  beiug  10  that  of  the  shorter  as 

.,  it  will  appear  that  the  velocitv  in  either  case  is  as  the  square 
(the  height  of  the  column  of  liquid  in  the  respeoCive  vessels;  for 
1^1,  and  2x2  =  4.  It  moy,  tberefore,  be  generally  stated, 
udependeutly  of  the  irregulnriliea  occasionod  by  friction  and 
CBluee,  the  maximum  velocity  with  which  a  liquid  Sows  &om  an 
ire  in  the  side  or  bottom  of  a  vessel  will  be  the  square  root  of 

Plh  of  the  vertical  colomn  within  the  vessel.  Hence,  the  velo- 
■  Bowing  liqaid  depending,  like  that  of  a  tidling  body,  on  gra- 
ta,  it  follows  that  a  stream  issuing  4  feet  betow  ue  sudace  of  a 
,  mass  will  have  double  the  velocity  of  one  isaning  atl  foot  below 
utace;  at  the  depth  of  9  feet  the  velocity  willbe  treble,  at  16  feet 
Id,  St  15  feet  five-fold,  and  so  on  in  propoitioa  to  the  depth  of 

Ktnre  below  the  surface.  It  must  be  recollected  that  these  eom- 
esCimstesaietoberegarded  as  result?  deduced  fromlbe  influence 
*itatioD  alone.thereforein  practice  allowance  must  be  made  for  the 
;  of  Miction  and  atmospheric  reaistiincc,  and  the  dimensions  and 
«C  the  apeiture  must  likewise  he  attended  to  in  making  eipe- 
BB  and  calculalions.  From  the  eiperiments  of  Bossut  it  appenra 
to  Bctnal  quantily  of  water  discharged  iroai  orifices  of  the  ssme 
j._  jot-.-.  jggjggj  of  pressure,  is  far  leas  than  might 


be  inferred  from  caloulnion.    Tlie  rollowing  table*  at  theoreticDl  ind 
practical  diacbargea  through  circular  orifices  one  inch  ia  diameter  will 
clearly  eiemplifj  tli is  principle, 
Htisbt  of  tbi  liquid  CnmiiutMl  dlBchvp:  per  Actnia  dischirn 


5  feel 
ID  feel 
15  feel 
The  phenomena 


4487 

14317 
17533 


le  phenomena  exhibited  b;  epouting  liquids  when  the  current  ia 
ited  »enioa]ly  upwards,  are  equully  with  those  of  deecending  cot- 
renta  nnder  the  influence  of  gravitation  ;  and  as  hodiea  projected  per- 
pendicaliily  in  the  air  rise  to  a  height  equal  to  that  from  which  uey 
muat  have  descended,  to  acquire  the  velocity  with  which  they  were 
propelled,!  ao  liquids  spoutiog  from  s  short  pipe  directed  upwards, 
rise  to  a  height  equal  to  that  of  the  liquid  column  by  the  pressure  of 
which  tbey  were  ejected.  In  the  marginal  figure  let  A  represent  * 
cistern  lilled  with  water  at  the  conatmll 
height  B  C,  then  if  four  hem  pipes  11. 
£,  F,  G,  he  inieiled  at  difTereal  dis- 
tances  below  the  surface,  the  jets  wiH 
Htl  rise  to  nearly  the  lame  level,  tiwi  of 
the  line  B  C.  The  resistance  of  the 
atmosphere  and  tlie  mutual  friction  b»> 
tween  the  pHrticles  of  the  aaceodiog 
current,  both,  however,  counteraot  iw 
Ibrce,  so  that  it  ia  only  when  Ihe  orilicet 
of  the  pipes  ate  eitremely  amnll  ihM 
tlie  elevation  of  the  jets  becomea  con- 
siderable relatively  to  the  hydrostatic 
presBuie,  Yet  water  may  be  made  to  rile  in  spouting  streams  erea 
above  the  level  of  the  reservoir  from  which  it  issues,  t^  introducing;  • 

*  See  Kncrriop.  Mtitopol.— Mined  Bciencei,  vol.  i.  p.  »io.  Th»  i3>m„ 
■hort  lalilBla  abatractHl  from  one  in  which  the  French  meaauna,  cmplineiir 
Bnsant,  are  reduced  to  Bnglish  meamrc9  by  Mi.  Barlow,  -^^H 
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onrrent  of  air  in  aoob  a  mannsr  that  it  may  be  mingled  with  the  Btream, 
md  the  fluid  thas  bdcomin^  s[>eei(icHlly  lighter  than  the  water  in  llie  re- 
servoir, the  latter  is  more  poweiEailj  acted  oa  by  the  iaGumbeat  wei§fhc» 
rbe  eoneoune  of  the  aiirial  and  onuaous  fluids  praducea  muaiul 
■omtdB,  wnnewhat  resembling  those  nom  the  harmonica,  bat  not  ao 
mA.  That  the  Bounds  are  caused  bj  the  particlei  of  the  air  striking 
■gainBt  those  of  the  water  ia  evident,  because,  when  the  flui  of  the 
water  is  stopped,  and  the  air  suffered  to  issue  alone,  nothing  is  heard 
but  a  hissing  noise  very  diflierenC  from  the  preceding.* 

It  hsB  been  ascertaiued  from  eiperiment 
that  a  greatvr  quantity  of  water  will  be  dii- 
charged  lu  a  given  time  from  tbe  side  or  bol- 
'  I  of  a  vessel,  through  a  short  projecliiig 
B,  than  from  a  simple  aperture  of  the  mme 
diroenaiona.  The  tube,  however,  muit  be 
entirely  without  the  veaael.  as  in  fig.  B,  tot 
■fit  ia  continued  inside,  as  at  A,  tbe  discharge 
will  be  leasened  iastead  of  being  augmented. 
Mucli  also  depends  on  tbe  figure  of  the  tube 
and  that  of  the  bottom  of  the  vessel,  since 
more  water  will  dnwin  the  same  time  tbraugti 
1  conical  or  hell-sbaped  tube  than  through  a  cylindrical  one,  and  a 
fiirtlier  advantage  ?ril1  be  gained  by  giving  a  correaponding  ahape 
tp  the  bottom  of  the  vessel,  as  at  D.  These  eOscts  depend  on  the 
interruption  to  tbe  conflux  of  the  aqueous  particles  by  the  aides  of  the 
rising  tube  in  the  vessel  A,  and  the  greater  fscililiea  afforded  for  their 
eacape  in  difterent  degrees  by  the  forms  of  tbe  apernirea  in  the  vessels 
E),  C,  and  D  i  and  tbe  laat  of  these,  coinciding  moat  eiactly  witli 
tha  figure  of  a  Bowing  stream,  ia  best  adnpted  to  promote  the  dis- 
ohai^e  of  tbe  liquid.  When  pipes,  or  tubas,  of  considerable  lungtb  ire 
used  to  conduct  water  from  a  fountain,  the  eRecta  will  be  modified 
by  rarious  oircumstiuioes,  the  quantity  diacbarged  depending  on  the 
length  and  dimensions  of  the  pipes,  their  direction  or  inclination,  and 
lumber  and  abruptness  of  tbe  angular  bendinga  which  take  place 
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WlieD  s  streHm  of  wniei  ispropdW  through  a  cistern  ochuiucw- 
tiuDine;  WKter  at  rest,  it  nill  have  BDch  iin  e^ct  on  the  endte  mais  it 

and  make  iu  escape.  Owing  to  cliis  properly  of  flowing  lu|uiiU  it  U 
poasible  (o  drain  a  lake  or  mBrali  by  leading  ■  stream  descending  hom  i 
higher  level  to  the  border  of  the  lake,  when  it  nill  sweep  through  the 
agnant  wuter,  and  giaduaUy  drawing  it  into  its  vortei,  cbitj  it  oS 
lei  the  opposite  bank.  Venturi,  an  lulian  philosopher  and  engineer, 
made  uae  of  ihid  method  to  drain  a  marafa  near  Modeca,  bj  condueling 
through  it  a  rapid  deacending  stream.*  This  effect  is  produced  bj 
frictinn  betweea  the  panicles  of  the  liquid,  and  thus  the  water  in  mo- 
tion communicates  its  impulse  laterally,  till  the  whole  mass  is  affected, 
Bod  giadually  entering  the  cnrreat  is  carried  aff. 

The  friction  which  Takes  place  between  the  piirticles  of  water  aitd 
those  of  the  air  is  producti™  of  some  curiooa  and  interesting  pheno- 
mena. To  thia  cause  is  awing  the  current  of  air  caused  b;  the  fall  of 
water  from  an  eminence,  of  which  a  remarkable  instance  is  addooedbj 
Ventari,  in  a  cataract  which  ruabes  from  the  glacier  of  Roche  MbIdd, 
on  lbs  rock  of  I-a  NoTslese,  near  Mount  Cenis.  The  pressure  of  the 
air  on  the  summit  of  ajel  d'eau  occasions  the  dispersion  of  tbe  liquid 
in  glittering  wreaths  of  apray,  and  the  reaction  of  the  aqueous  particlM, 
and  consequent  friction  between  the  two  fluids,  gives  origin  to  an  as- 
cending current  of  air,  by  meaa*  cf  whieb  alight  glohulAr  body,  na 
hollow  glass  ball,  may  be  made  to  dance  in  the  midst  of  the  s|H}Utiiis 
stream.  The  citation  of  the  aea  by  the  wind,  and  the  transformutian 
of  its  surfiueinto  a  mass  of  foaming  waves  aud  mountain  biilowidurine 
■  storm,  is  another  important  Hud  striking  eS'ect  of  the  friction  of  air  and 
water.  That  the  foriuatioD  of  warea  depeuds  on  this  caus 
rincingly  proved  by  the  experiments  of  Ur.  Franklin.  ' 
that  by  pouring  oil  on  the  surface  of  a  pond  to  the  wini 
weather,  the  ripplea  with  which  it  was  covered  might  be  mode  to  sub- 
aide;  and  it  appesra  that  this  methodof  calming  the  waves  by  shedding 
oil  on  their  lur^e  has  in  aome  instances  been  found  advantageous  at 
■ea.  From  its  inferior  specific  gravity  the  oi!  forms  a  floating  £lm, 
which  defends  the  aurface  of  the  water  from  contact  with  Iba  curreDlS 

•  Sic  LciUc't  Elem.  of  Hat-  FhUos.  vol.  i.  pp.  107,  iSe.  ^^B 


of  iir,  ond  the  friction  between  the  wind  nnd  wavea  is  i 
uiahed,  in  the  same  maimer  ns  ibiit  nlitch  Cakes  place  betv 
is  1^  iLe  appUcDlion  of  unctuous  miilter. 

"Aa  effect  of  the  prBiaDCe  oc  impact  of  flowing  liquids  on  aolids  im- 

aaraed  in  Ihem,  ia,  Ba  in  other  instaneea  of  hydraulic  prejaure.  greatly 

influenaed  by  cireunutaaceB,  and  therefore  the  general  prieciples  aria- 

[    Big  from  theory  must  be  adopted  with  cotiaideiable  limitations  wheo 

"bi  to  practice.  It  must  ba  manifest  thatwhens  flat  solid  anrface  is 

d  perpendicularly  agninat  a  li<iuid,  the  resiatance  will  slwajs  b« 

a  certain  proportion  to  the  extent  of  the  solid  surface  ',  atid  when 

'  ■  plane  sur&ce  ii  eipoaed  to  the  action  of  a  flowiug  liquid,  the 

.  iDuat  be  greater  or  leas  according  to  the  degree  of  the  yelocitj  of 

[ream.     Hence  maj  be  deduced  the  general  rule,  that  the  enect 

iroduced  by  the  preasure  of  flnn-ing  nater,  acting  perpendicularly  on  a 

tH  aorbce  plunged  beneath  it,  ia  in  Ihe  compound  ratio  of  tlie  square 

Itfthe  Telocity  oftbestream  and  that  of  the  solid  surlace.     If  the  sur- 

e  be  pTe^ented  ohliqneij  to  the  directicii  of  the  stream,  the  e^Mt 

'«  leas  than  when  it  is  perpendiculixrtotbe  surface  of  the  curreot; 

t  diiDinulian  of  pressure  arising  from  such  a  cause  will  be  pro- 

ed  to  the  inclination  of  tbo  solid  surface.     Its   amount  in  anj 

iDse  may  be  calculated  on  the  same  principles  as  the  effects  of 

d  planes  in  meohanica. 

m  a  liquid  acts  by  impact  on  a  nolid  plane,  causing  it  to  turn 
in  axis,  in  the  manner  of  tlie  float-boards  of  a  water-wheel,  there 
a  certain  point  in  that  plane,  where,  if  the  whole  force  of  Ibe 
could  b«  concentrated. it  would  producetbessmeefiect  asvLen  _ 


liatributed  01 


in  intmduced  elsewhere  .* 


whole  anrface  of  [he  plane.     The  po£l)M 
some  notices  of  which  hr~ 
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roavia^  power  ;  wUicli  efiects  mar  bs  produced  b;  byilriwtBlic  prei- 
auTB  or  impact,  on  liquids  and  solida,  either  aJoue,  or  in  conjuDCtioii 
witli  suoospberic  pressure.  The  construetionDf  tboaa  machiues  wbow 
operation  dtipenda  oa  the  latter  cause  must  be  refrrred  to  the  trea- 
tise on  pDeimiBtica  ;  but  there  are  other  muohinea  wbich  may  ba  pro- 
perly noticed  at  present,  as  their  modes  of  nction  ndmit  of  ulisfaotory 
eiplnnntioa  on  the  principles  of  hydroar  '' 

'i'bese  may  be  dlatingniahed  into  (lir 
for  raisiog  water  by  mechanical  means  only  ;  those  whiili 


weigbt,  preasure,  or  impact  of  water,  on  solids  ;  and  tboae  in  whicl 
effect  is  prodaced  by  tbo  ccotrifugal  force  i 


bucket  and  windlass,  aSbrdg  an  ei 


ibe 


mpleofa: 


lall  quantity  of  w 
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by  the  ose  of  a  single  bucket  con  Bnea  its  mnploy 
>r  occasional  pttrposes. 
The  chain-Dump  is  a  much  more  effioienl  engine,  though  very  aimi- 
of  action  to  the  preceding.     The  figure  in  the  margin 
repiegents  it  as  consisting  of  a  uumber  of 
plates  or  Bat  disks  of  wood,  DDDD.  at- 
tached  horizontally  lo    an   endless   ebaiu, 
and  passing  round  twoRheela,  F,  and  F,  br 
turning  which  the  chain  and  plates  arecarrie^ 
I    ^f'    tlirough    a  water-tight  cylindBr,    the    lower 
'    end  ot  which  is  plunged  beneatli  the  BorfiHis 
I    of  water,  and  its  internal  dimensions  ore  ex- 
_  ^    actly  adapted  to  receive  the  plates,  wliicb  aoc- 
cessively  enteringthe  tube  when  drawn  up  by 
the  Terolving  chain,  form  so  many  buckets 
'    filled  with  water,  which  they  cany  up  and  dis- 

^  they  commonly  are  on  ship-board,  into  a  piP*^ 
Sthatmsj  dischargeit  again  inlo  the  sea.  Tile 
)  machine  may  be  eet  in  motion  by  a  irindi,  or 
, '  other  means  applied  to  turn  the  upper  wl 
The  cliaiu-pump  will  act  witb  greater 
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when  tlie  cylinder  can  be  plsced  obliquely  than  whan  ita  direction  ie 

The  Rope  Pump  ia  a  less  efficient  modificaCion  of  tlie  cbun-pump 
or  bodiBt  engine.  It  ib  compoaad  of  wheel*,  one  under  water  and 
tbe  other  above,  bsving  on  their  peripheriea  sereral  grooves,  through 
which  pass  endleBS  ropes  of  very  loosely  spun  wool  or  borsebair: 
lod  the  upper  wheel  being  made  to  reToWe  with  great  Teluoicj,  tbt^ 
water  which  adheres  la  thecoorae  ropea  may  be  raised,  and  disohaiged 
■bore  bypreeBure. 

.TbePerBian  Wheel,  which  ia  used  to  raise  watornot  only  in  Persia 
bntilBoiu  Egypt  and  ulher  eastern  countcieB,  consisu  of  a  lai^e  wheel, 
to  the  nare  of  whicli  ure  suspended  a  number  of  buckets,  in  eucb  B 
mumsT  that  in  the  revolutioas  of  the  wheel  they  successively  dip  into 
a  pond  or  Btream  of  water  over  wbieh  the  wheel  moves,   and   the 
buckets    thus  being  filled  ascend  with  their  load  till  each  in  turn 
teacbes  the  aunuuit  of  the  circuit,  where  there  is  a  cootrivoDce  for  tilt- 
ing each  bucket,  so  that  it  may  discharge  ils  contenta  into  a  cistern  or 
wseivoir,  and  it  then  descends  with  the  revolving  wheel  to  be  Allsd^^ 
a  wheel  maybe  putin  motion  bysnyinechanicHlniPUU}[^| 
or  if  it  be  employed  to  raise  water  from  a  running  stream,  daBt-boaid>'^| 
I    may  be  added  to  make  it  revolve  like  an  under-shot  wheel.  ^ 

The  Coeblion  or  Screw  of 
Archimedes,  derives  its  de- 
wgnation  from  a  prevalent 
opinion  that  it  was  the  inven- 
Eion  of  the  Syraeusan  sage. 
But  it  is  not  mentioned  by 
Vitruviua  among  the  diseo- 
veriea  of  Archimedes,  and 
f  thereisaome  ground  for  be- 
lieving that  it  waa,  betbre  his 

— id  canroiF  the  superfluous 
water  left  in  (be  low  grounda 
»  the  inimdalioBBoflhBKile;  ao  that  the  question  aa  W>  via  mi^w 
uina  undecided.    Ita  form,  aarepre9entedmt)iemBX^ii,i%'CA^o^'^ 
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helii  (as  the  name  Bomewliut  in 
a  lioUoiT  corkacrBW  wound  rqun 
to  reiolvBliy  tnming  a  winch,  • 
placed  in  an  oblique  posilioD,  iritb  the  lower  opening  of  [be  acruK  im- 
mersed in  a  cistern,  or  tiny  other  body  of  water,  the  liquid  nil]  eiit«i 
below,  as  the  orifice  dips  beneath  it  iu  each  rerolution,  aud  be  cuii«d 
tip  and  diechBreed  above  ;  the  peculiar  form  of  the  niacbine  faciliintilig 
the  elBTation  of  the  water. 

The  most  important  niacliinea  belonging  to  the  second  riass  are  dif- 
ferent ntodifications  of  wuer-wheels.  lliey  are  respectirelj  termed 
UndershotWheeU,  OTershot  Wbeels,  and  Itreast  Wheels. 

The  linderahot  Wheel  is  said  la 
le  olhera; 


is  likewi 


lethem 
s  sfaoii 


nexed  li;;ure,of  a  wbeei  on  tbe  peri- 
phery of  whith  are  fixed  a  nnmbci 
of  flat  boards  at  equal  dislancei,  and 
set  at  right  »DgleB  to  Itje  plane  (rfAe 
wheel.  They  are  called  flont-boardg « 
and  the  wheel  being  bo  placed  as  for 


tie  impact  of  the  w. 
Bi  tliejr  snocesaiTely  dip  into  it.  As  a  n-lieel  of  tbia  kind  wi|[  revolve 
in  any  aCream  which  tiicniahes  acurrent  of  sofficient  power,  it  may  1)e 
used  where  the  deacent  of  the  water  is  by  far  too  trifiingto  turn  abreast 
wheel,  much  less  an  overshot  wheel.  If  all  the  floaC-boarda  are  ret- 
tioal  to  tbe  centre  of  the  wheel,  aa  in  the  tigure,  the  wheel  n-ill  went 
equally  well  in  eitber  direction.andooeof  thai  canstruclion  may  tbBi*> 
fare  be  advantageously  used  in  the  tide-way  of  aiiTer,  as  it  will  leTolT* 
either  with  Che  flowing  or  the  ebbtug  tide.  But  in  any  other  aituaticn 
u  wheal  is  to  be  preferred  in  which  the  floal-hontds  incline  towartU  the 
current,  and  thus  the  efieci  of  the  alroke  is  increnaedi  but  it  appears 
from  experiment  that  tha  best  poaitior  •-—'•■—  -l- -..-i^— .i .-  .r.i. 
float-lKnida  ia  but  incoasideiabls. 


in  the  boardj 


a  the  inclination  uf  lbs 


OVERSHOT  AND  BR 
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Tte  OveraiiQt  Wheel  differs  frum 
the  foregoing  in  the  miiunerin  ivtiicb 
it  is  aclod  on  by  water,  recairiog  ita 
impulse  not  from  the  impact  olone, 
but  also  froiQ  the  weight  of  water. 
This  kiod  of  wheel,  u  maj  hn  can- 
cel ved  irom  the  mai^inal  figure, 
can  only  be  used  where  a  consiiler- 
abla  fall  of  water  can  be  obtained. 
On  its  periphery  are  fixed  a  num- 
ber of  CRrities  callad  buckets,  being 
closed  on  both  sides,  but  having 
openings,  ao  that  the  water  conducted  by  a  tevel  trongh  of  the 
Mme  breadth  with  the  wheel,  may  Ell  each  bucket  in  aucceasioa,  as  it 
mint  in  the  circuit  of  the  wheel  nt  which  the  weight  of 
B  oiteamfereoce.  From  the  peculiar 
the  water  partially  till  lliey  hare  de- 
.  of  the  circuit,  uad  baring  discharged 
n.  they  ascend  on  the  oppoiite  side  to 
oifershot  wheel  requires  the  greatest  fall  of 
oost  powerftdwith  reference 


lbs  water  can  begin 
fcrm  of  the  buckela  liiey  r 
■eeoded  to  near  the  lowest 
dieir  contents  into  the  tail-i 
ba  filled  sa  before.     Ai 


0  tbe  effect  proituced  by  the  momentui 

The  Breaat  VVheel  is  a  sort  of  mH. 

;hine  hnving  an  intermediate  charac- 

:er  compared  with  theunilershot  and 

J retshot  wheels.   It  has  Aoat-boaRU 

]-  like  tbe  formei.aa  io  the  annexed  fi- 

^   re,   bat  ihey  are  converted  into 

M  buckets  aomewhat  after  the  munner 

f  of  those  in  tlie  chain-pump,  as  they 


Had  adapted  to  tbe  circumference  of 
tbe  wheel.  Tlie  water  paasvs  throuch 
this  cavity,  entering  it  nenrty  on  s 
level  with  the  axis  of  the  wheel. 
;uid  acta  cbiefiy  by  its  wMght;  Mvd  ilie  niMfen*, 
than  tbe  oreraZiot  wheel,  is  moie  saxhui  ■One  uCuei . 
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It  IB  therefore  onl^  used  where  the  full  of  water  hsppans  to  be  peon- 
liarly  ndBpled  for  the  purpose. 

*  -  -  -'~i  hydraulic  macliinea  belonging  to  the  tbird  finn. 
heir  power  fhtm  tha  centrifugal  force  of  flowing  witerj 
ia  ooe  called  Bnrker'B  Centrifiigal  Milt,  as  liaring  been  tnTented  bj 
Dr.  Barker,  tawaids  the  close  of  the  sefenteeutb  centurj.  This 
ODgine,  us  represented  in  the  annexed  Bgnn. 
GonaiBta  of  a  hollow  cylindrical  metal  pipe,A  B, 
of  consitteTable  height,  and  termiaatiiig  shore 
in  a  fuunel-shaped  cavity.  The  pipe  is  sup- 
ported in  a  venical  position,  hy  resting  below 
on  B  pointed  steel  pivot,  tumiog  freelj  iu  a  brut 
boi  adapted  to  recciiB  it :  and  the  upper  part 
boa  a  cylindrical  steel  aiis,C  D ,  pasBtDe  tbroagb 
a  board,  supported  by  uprights  at  Uie  sidM. 
'Hie  hollow  tube,  A  B,  CDrnmuniCBtea  with  % 
cross  tube,  E  F,  closed  at  the  extremities,  but 
baring  ndjustible  orifices  at  the  opposite  sides, 
near  each  end  of  the  ciobb  tube.  A  pipe,  G, 
I  above,  communicates  with  a  supply  of  water, 
which  it  discharges  into  the  funnel  at  the  lop  of 
tbe  Terticol  pipe  B  ;  imd  the  lupply  inuat  be  to 
mar  be  kept  conatantly  filled  with  water  wilh- 

^         ,         lo  the  orifices  in  the  croBB  pipe  at  E  and  F  will 

deliver  tbe  water  with  a  force  proportioned  to  the  height  of  tbe  colnmu 
iu  the  tabe  A  B,  and  tbe  sperturea  being  in  opposite  direction*,  the 
Bpoutiog  currents  will  communicate  a  centrifugal  motion  to  the  verticsl 
tube  and  itsaiia  C  D,  to  which  may  be  attached  a  toothed  wheel  coi)' 
nerled  with  any  other  machiDery.  The  sctioDoftbis  niacbinedoec  not. 
M  some  writers  have  stated,  depend  on  tbe  reaistiuice  of  tbe  atraospbar 
to  the  jets  from  the  cross-pipe  ;  but  is  wholly  owing  to  tbe  hydrostMic 
pressure  ofthe  column  of  water  in  the  vertical  tnbe,  which  exerting  great 
force  on  tbe  interior  of  thn  boriiontal  tobe,  and  that  force  being  re- 
rnored  from  the  poinia  whence  the  water  issues,  tbe  preagure  on  thw 
corresponding  points  on  the  oppoaite  parts  of  the  interior  of  tbe  U 
lends  to  make  it  rerulve,  the  nction  of  both  jeta  pioduc 
the  same  diractton. 


J 
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Tha  centrifugal  mill,  though  it  sppeorB  to  be  a  rerj  powerful  aad 
effectiie  macbine,  bus  not  beoa  upplied  lo  practical  pur|}0se9  in  tJuEj 
toaatij,  though  eDgioes  involving  the  same  priaoiple  have  heen 
Cdopted  in  France  and  the  United  States  of  North  America.  Thn 
Sieontiea]  inreatigstion  of  ita  peculiar  prapsniea  luid  mode  of  uction, 
basengai^d  tbe  ettention  of  the  celebrHled  mathemiitif^iuns,  Leonard 
£alttE  and  Jdim  BeniouUi,  both  of  wham  repreaeut  it  aa  exhibiting  n 
I  iTCthod  of  emplojing  tbo  force  of  water  as  a  moving  power,  superior 
L  to  any  other. 

I  Among  mnchineB  whose  effects  depend  on  the  force  of  Sowing  water 
I  On  ba  included  the  Hydraulic  Uam  (Bilier  if  udruuli^uf),  invented,  or 
I '  lUber  improved  by  Joseph  Montgollier.  more  diatinguiabed  for  his  aliare 
I  In  tho  invention  of  the  air-ballnoa,  ThebydiBullc  ram  opentea  chiefly 
■  •ftotn  the  momentum  of  a  current  of  water,  suddenly  stopped  in  iu 
me,  and  made  to  net  in  another  direction  ;  and  as  it  produces  a 
d  of  intermitting  motion,  owing  to  the  alternate  retreat  and  aceeni 
'h  gtreom,  aocompanied  with  a  Doiae  uiaing  Erom  [he  shock,  its  ac- 
has  been  CDiQpared  to  the  butting  of  rame  ;  and  hence  the  name 
le  nuuibine. 

There  ia  no  novelty  in  the  principle  of  action  of  this  engine,  aa  pre- 
lo  public  notiOB  by  the  alleged  inventor  in  IBOti;  for  Matthew 
Q,  of  BinningliBm,  obtained  a  patent,  in  1797.  foe  Torioua  sppli- 
IB  of  hydraulic  power,  the  second  of  which  closely  resembles  the 
'  ram.*  It  does  not  however  bence  follow  tliat  Montgolfier  hor- 
id  Ms  invention  from  Boulton'a  eiieciScatJon ;  for  the  tbeory  un 
_Ji  (bs  efioct  is  to  he  explained  bad  long  been  known  i  and  it  had 
ttpiocticallyeiemphfied,  as  early  Bathe  year  1775,  by  John  While- 
-*  m  smtnent  experimental  philosopher.  He  erected  an  engine  at 
1,  in  Cheshire,  by  which  water  was  conveyed  through  a  pipe  iiOO 
mg,  and  IJ  inches  in  diameter,  from  a  reservoir  SO  feet  above 
_  s,  which  was  ooiineeted  with  an  air-vesaol,  by  a  valve  ;  and 
nererlbefltreBinWBBStopped  initspasaage  downward,  by  turning 
__(*,  thereaction  of  the  water  drove  it  inte  the  oir-vesaol,  whence 
pipe  passing  upward,  the  water  was  carried  tbrougli  it  to  a  consider- 
lehoigbt,  by  the  force  of  pneumatic  presanre.t 

count  of  tbeapeclflcatioD  in  tbe  Repertory  of  Arts,  vol.  ix.  J 

t  See  Philosophical  TnuisMtlooB,  for  i;7S;  and  Encyciopsd.  MetraiioL-^ 
—Ml  fidBoces,  voi.  i.  p.  tag.  M 


HTDft. 

ADalher  macbine  of  this  kind,  coDBtiuoted  previotuly  to  tlie  inventioD 
□('  the  French  bydmulic  nun.  is  mentioned  by  Mr.  Mlllinglon,  in  1 
|.»per  ou  lie  AVnlor  Ram,  jjutlislied  in  tha  Journal  of  Scitiict  md  tU 
Aril.  AfiBT  noticing  the  inconvenience  sometimes  experienced  by 
plujob«nj  anil  olbera  in  Giiog  pip«a  connected  with  ulevatad  cistemx, 
he  adds, 

"  'I'hiB  effect  was  experienced  in  a  great  degree  M  an  hospital  id 
BrislQl,  where  a  pluiubor  was  employed  to  fii  n  leaden  pip*,  to 
tonvBj  water  from  the  middle  of  the  building  to  the  IdtclieB  belew, 
and  it  was  found  that  neatly  every  time  the  cock  was  made  use  of,  the 
pi])e  was  burst  at  its  lowest  end:  after  making  many  attempts  Is 
remedy  thia  evil,  it  was  at  last  determined  to  solder  a  small  pipe  im- 
medinlelv  behind  the  cock,  wliirh  of  courue  was  carried  to  (be  same 
perpendicuinr  height  as  llie  supplying  cisleru,  fo  prevent  tile  water 
from  running  to  waste  ;  and  now  it  was  found  that  on  shutting  the 
cock,  the  pipe  did  not  burst  as  before,  but  a  jet  of  considerable  height 
was  forced  from  the  upper  end  of  this  neiv  pipe.  It  therefore  becBiiiB 
neeesaary  loincraago  the  height  of  the  pij>ei  lo  overcome  if  poMible 
this  jet,  and  it  waa  carried  to  Uie  top  of  the  building,  or  twice  thi 
height  of  the  supplying  cistern  -,  wbere,  to  the  great  surprise  of  thMe 
who  conitiucted  tue  Kork,  the  jet  still  made  its  appearance,  though  not 
in  iucli  considerabU  i)uantilies :  and  a  cistern  wns  pineed  nt  ibe  Up 
of  the  house  to  receive  this  superfluous  water,  whiph  was  found  very 


Tbs  essential  jmrts  of  the  hydraulic  ram,  ua  eihibil«il  by  Mont- 
'~  aierepresealcd  in  llie preceding  figure  (p.  180J.  Aianbendofwaier, 
"  '  iritb  the  tube  or  tunnel  B,  closed  ot  llie  eitremily  C,  but 
aperture  ut  D,  to  wbich  ia  ndnpttid  a  Tulre  formed  by 
trail  of  (jorcelaia  or  copper,  hollow,  so  as  to  be  not  more  thun  aa 
Vvy  agun  oa  an  equal  volume  of  water,  and  suppurted  Dear  th 
i  by  B  Hurt  of  muzEle  i>r  cage.  P  ia  a  reservoir  of  air,  with  an  i 

ifirom  the  tunnel  is,  and  a  vulre  B  fitted  to  It,  but  liftiug  up< 
prevented  fhtm  displncemeiit  by  a  muzzle  over  it.    From  net 
aoBi  of  the  air-vessel  I'  proceeds  a  pipe  (i .  which  ouiy  be  oanttnaed 
I  any  giren  height  to  whiob  it  is  roquiute  that  tha  water  abonld  be 
bed.     The  tithe  B,  is  caUed  tlie  bod;  of  the  ram  ^  the  tuba  G,  the 
tie  of  ascension ;  D  the  stoppage  valve,  and  E  the  i 
DW  the  former  volve  being  open  and  the  latter  shut 
~'iu  le  run,  it  at  lirst  escapes  through  the  stoppage  valve  D,  but 
acqairing  a  momentum,  from  the  accelerating  velocity  of  "     '  " 
diJTM  tbe  bull  D  Bgainat  tha  opening  and  sUipa  the  passage 

"      the  reflected  stream  iben  strikes  up  die  valve  E,  ana  water 

itbe  air-veasel  F,  througb  the  asoenaion  valve:  the  ball  D, 

it  is  relieved  from  pressure,  falls  into  its  muzzle,  and  makes 

ijr  ibr  the  water  again  to  escape  through  the  stoppage  valve,  while 

other  ralve  closes  through  its  weight  and  the  reaction  of  the  uam- 

~ad  air  in  the  reservoir.     The  renewed  momentum  of  the  streaiu 

Htly  abuts  the  stoppage  valve,  and  lifting  the  ascension  valve, 

water  entera  the  air-vessel,  and  as  soon  ns  the  orifice  of  the  pipe 

becomes  covered,  tha  pressure  of  the  uir  drives  the  water  upward ; 

~  that  which  has  been  admittsd  through  tbe  ascension  valve  cannot 

ira.  Bad  more  being  added  at  each  stroke  of  the  ensine,  it  may  be 

dually  raised  to  an  indeflnile  height.     The  action  of  the  machine  as 

r  deacribed,  is  heble  to  interruption,  from  the  gradual  absorption 

the  air  in  the  reservoir  F,  to  compcinsate  for  which  the  addition  of> 

're  opening  inwards,  to  admit  fresh  otr,  has  been  found  requisite  to 

«re  the  oontioued  efficiency  of  the  hydraulic  ram.     This  ia  called 

snifting-valve. 

The  ahaolute  effect  produced  must  in  any  given  case  depend  on  the 

"  of  water  to  supply  the  engine,  and  the  diameter  and  lengths  of  the 

SB.    Montgotfiec  erected  n  woter  mm  in  hia  garden,  with  en  arti- 

_j|  an  of  water  of  7i  feet,  by  which  water  was  nisad  to  tha  \Wi\sWi 

,50  feet,  in  tabes  3  inches  in  diametei;  thevcaUi  ex9tia&e& 
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minuleB  wns  55'!  pints,  tliiit  elevated  5!  pints.  Tn  tmotlier  macliina, 
with  n  fall  of  abuut  34  feet,  water  was  TBiii(>d  seven  times  that  height, 
and  the  stoppage  rslve  closed  one  hundred  nnd  fonr  times  in  a  minute. 
Mr.  Millin^n  observed  the  uoenaioD  vnlve  of  a  water  ram  to  malw 
from  fifty  to  seventy  pulsntions  in  s  minute,  with  a  diacbsige  of  about 
half  B  pint  af  nster  at  each  pulsstion,  at  the  height  of  thirty  feet  with 
a  six  feet  hend.  He  also  mentions  a  mBchine  which  furoi^ed 
one  hundred  hogahesda  of  water  in  twenty'four  hours  to  the  height 
of  134  feet  perpendicular,  with  a  fall  of  four  feel  and  a  balf. 

rements  were  made  ODtheoriginsiaonatructionof  thebydraalic 
''  ~  ~  ''  the  inventor,  who  obtsined  a  patent  for  Lis  con- 
Duntry.  As  tie  wstel  raised  hy  the  intermitting 
Bciion  o[  me  ram  may  be  employed  as  a  moving  power,  it  must  be  ob- 
vious that  it  may  be  applied  to  wort  maphinery  for  Tarioue  purposes ; 
and  SB  it  fumisbea  the  means  for  accumulating  tlie  eSecI  of  an  origi' 
Daily  insignificant  force,  as  that  of  a  small  weak  stream  of  wster,  it 
might  be  odvantageoualy  adopted  in  various  sitnations  where  it  would 
be  more  setvicesble  thsD  most  other  hydraulio  machines. 


1  by  the 
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LB  CONSENTBMENT  UMIVBR8SL  DBS  PBUPLBSt  BT  LA  FOULB  DES  PHIL06OPHK8 
CONCOURENT  A  l'BTABLIBSBMBKT  DB  CB  PRIMCIPB,  QUB  LA  NATUBB  8OUFFRIR0IT 
PLUTOT  SA  DBSTRUCTION  PROPRB  QUB  LA  MOINDBB  B8PACB  VUIDB.  *  *  *  « 
LES  RXPERIENCSS  QUB  J*AI  DONNBBS  DANS  MON  ABRBOB  PROUVBNT  QUB  LA  NA- 
TURE N*A  AUCUNB  RBPUONANCB  POUR  LB  VUIDB,  QU*ELLB  NR  FAIT  AUCUN 
EFFORT  POUR  l'BVITER,  QUB  T0U8  LBS  BFFET8  QU'ON  A  ATTRIBUBZ  A  CBTTB 
HORREUR  PROCBDENT  DB  LA  PE8ANTBUR  ET  PRB8SI0N  DB  L*AIR,  QU*BLLE  BN  EST 
LA  SEULE  ET  VERITABLE  CAUSE,  ET  QUE  MANQUB  DB  LA  CONNOI8TRB  ON  AVAIT 
INVBNTE  EXPRBS  CBTTK  HORRBUR  IMAOINAIRB  DU  VUIDB  POUR  BN  BENDBB 
RAISOM. 

Pascal  Recit  de  PExperience  de  Puy  de  Domme. 


The  object  of  that  branch  of  physical  aciance  which  has 
^■iBUd  PDeumstics,*  or  Aerology, t  is  to  eiplnin  and  illustrate  Iho 
Khich  arise  from  the  rreigbt,  pcesBure,  or  motiou  of  coi 
other  fluids  posaeasing  the  aame  general  propertieB.  T. 
between  liquids  and  tbofle  more  elastic  fluids  called  a: 
'apoar,  or  steam,  depends  in  a  great  degree  on  occasional  ciusi 
Specialljan  temperature  anrl  piesauie.  Those  effocts  which  are  to 
aitributed  to  the  operation  of  heat  and  cold,  or  diversity  of  tempe- 
iture,  are  on  several  accounia  of  sufficient  imponance  to  be  made  the 
ibject  of  detached  iavvstigatioD,  comprehending  s  review  of  the  rela- 
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tions  of  beat  tosU  nstund  bodies,  whether  aolids,  liquids,  ot  guei ;  and 
tracing  the  general  influence  of  temperatuie  in  llie  productioD  of  tboae 
peculitu- fonns  of  matter.  Therefore,  thougb  it  will  be  iinpossible  to  M< 
plain  the  phenomena  of  atmoapheric  preaanre,  and  iW  effects  on  aolida 
and  liquids,  without  adverting  lo  the  inflnence  of  tempetaCure,  u  moie 
extended  aurvej  of  that  important  anbject  mnst  he  reiened  to  the  enh- 
Bequent  trentise  dd  that  branch  of  science  which  bus  been  termed,  bj 
Sir  Jobn  Leslie,  P jronozoics,*  or  tbe  lan-aof  bent,  to  Ibe  discoteryand 
illusliaiion  of  which  the  reaeariilieB  of  that  distingnisbeii  pfiilosopher 
greatlj'  eontributed. 
So  intimate  is  the  oonnanon  between  the  physical  sciences,  or  de- 

Sartmenta  of  natural  phdoaophy,  that  alluBioua  lo  the  principles  M 
octrioes  of  one  science  can  hardly^  avoided  in  a  treatiie  relating  ta 


referred  to  repeatedly  in  the  preceding  dirisiooa  of  tbis  ti 
eipleiniag  the  natore  of  gravitatian  and  its  influence  on  falling  bodie* 
and  pFojectilea.  Bat  the  facts  thus  incidentally  touched  npoo  will  now 
be  described  more  fully ,  their  connexion  with  the  general  theory  of  Pneu- 
matics pointed  out,  and  an  attempt  made  to  exhibit  a  perspicuous  view 
□f  the  outlines  of  that  science. 

'i'here  are  two  kinds  of  aeriform  bodies ;  namely,  those  which  are 
aln-ays  in  the  gaseous  state,  under  common  circumatauces  of  tempe- 
rature and  preaaure,  thence  named  permanent  gnaea  or  airs;  and  those 
whicb  become  gases  chiefly  at  high  tomperaturea,  and  which  therefon 
may  be  styled  nou-permaaent  gases  or  vapours.  Common  air,  or  atmo- 
apheric gas,  afibrds  an  obvious  speoimen  of  a  permanent  elastic  Said, 
and  steam  or  vapour  of  water  of  a  non-permanent  elastic  fluid.  Thess 
different  species  of  gases  possess  many  properties  in  conomoa ;  and 
there  is  reason  to  believe  that  IhosogBses  which  have  till  recently  been 
regarded  as  capable  of  eiisling  only  in  the  form  of  permanently  elsatlc 
fluids,  niigbt  be  reduced  to  the  liquid  state  by  subjecting  them  to  ex- 
tremely low  temperature  and  very  powerfiil  pressure.  Dr.  Faraday 
has  stated,  as  the  result  of  some  experiments  which  be  made  under  the 
direction  of  Sir  Humphry  Davy,  that  ha  effected  the  oondenaation 
the  note  of  a  liquid  of  the  gas  called  carbonic  acid  or  fixed 
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uma  other  ^oses  preTioasl  j  conBidered  as  permHnently  el) 
the  combined  opentioa  of  pressure  and  low  temperstu 
:.  PerkioB,  whose  experiments  on  tbe  compreBsibilitj  of 
Id  ilrBBdy  described,  extended  his  operations  to  gsafoui  boaies.  um 
~  '--a  atalementa  it  appears  thnt  he  aacceeded  ia  rediicin"  atmo- 
8ir  to  the  atnts  of  a  hmpid  liqaid,  by  a  pressure  eqnat  to  the 
^t  of  twelre  handred  atnioBpheres.t  Should  the  uhserratiaaa  of 
[B  g^Dtlemenbe  cDnfirmed  aud  extended  to  all  ihoae  now  called  per* 
lent  pases,  it  will  become  evidanl  that  their  eiistenca  in  the  liquid  or 
KHiB  form  depends  entirely  un  their  relatiooB  to  temperature  and 
■sure,  the  vuious  airs  and  vapours  being  all  susceplible  of  aooden- 
m  under  different  oircumataneea. 
Airs  and  Tapoura,  or  permanent  nnd  non-permanent  elastic  fluids, 
""  -ever,  though  they  may  be  oonaidered  as  forming  but  one  clasa  of 
ies,yet  from  tbavastrjiversityof  thetr  relations  to  bent,  tliey  admit 
:  applied  to  very  diSerent  purposes;  and  hence,  in  treating;  of 
ijaical  prapertfea,  tbe  dlBtinctioa  between  them  niuat  be  care-r 
It  kept  in  view.  It  will,  therefore,  be  conducive  to  perspicuity  to 
h..a  4«  iKij  treatiae  the  propartiea  of  (ha  pormanaQt  gasee,  such  as 
1  air  ;  leaving  the  circumstances  which  constitote  the  dia- 
chanicteriatics  of  the  non-permanent  gases,  and  eapeciatly 
or  the  Taponr  of  water,  to  be  more  fnlly  inveetig  '  '  '  '" 
>f  this  work,  appropriated  to  the  doctrine  of  Heat. 

General  PrapertUs  of  Air, 

CommOD,  or  atmospheric  air,  ia  an  invisible  or  perfect 

fluid,  the  ultimate  particles  of  wliicli  appear  to  be  i 

sioa;  and  hence  air  has  a  disposition  not  only  to  aink  down,  and. 

id  ODt  laterallj  like  liqnida,  when  un confined, but  it  is  also  eiiualhf. 

ibla  of  eipanaion  upwards  ;  bo  that  any  portion  of  this  fluid  wiD 

lily   become  dissipated  and  lost,  unless  it  bo  inclosed  within  b 

au-tight  vessel  or  other  receptacle,  such  as  a  bladder,  or  retained 

an  open  vessel  by  the  pressure  of  a  more  dense  fluid  on  ilsaarface. 

That  air  is  porous  in  u  very  bif;li  degree  appeire  from  its  readily 

"Idiug  to  pressure;  but  like  all  material  bodiea  it  possesses  the  pro- 
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pnrtj  of  impeaetrBbililj,  fbr  tbougb  a  coiuiderahle  Lulk  of  this  Sutil 
may  he  forceil  into  h  compoiBtiTely  small  spHce,  ihera  muat  be  a  limil 
beyond  wbich  the  uEmoat  pleasure  will  cease  to  liBTe  usiy  effect.  The 
reaiHtaace  of  air  to  pieaBure  may  be  demoiiatrated  hy  meana  of  a 
syringe  of  any  kind  with  a  solid  piatou  ;  Ibtiflbe  pipe  or  lowet  open- 
ing be  firmly  closed  after  tbe  piston  has  been  draim  up  ao  aa  to  GU  tbe 
burrel  with  air,  it  will  be  found  imposailile  to  tbmat  Oown  lite  piston 
again  completely  wbile  tbe  pipe  remaina  obattncted. 

Let  Bt^  Darraw'moutbed  glass  jar  or  botde  be 
bnlf  dUediTitb  walei  A,  and  a  funnel  C,  with  a  long 
tube,  be  inserted  in  the  mouth  of  tbe  bottle,  as  repre- 
sented ill  tbe  margin,  and  tlrnily  secured  at  D,  by 
luting  or  by  passing  it  through  a  cork,  in  such  a  msn- 
□er  that  the  included  oil  at  K  cannot  escape  hetweeo 
tlie  funnel  and  the  mouth  of  tbe  bottle.  Then  water 
being  poured  into  the  hinnel.  little  or  none  of  it  would 
paSB  into  tbe  bottle  ;  for  if  the  fuonel  had  a  tube  M- 
lerol  feet,  or  even  yards  in  length,  so  aa  to  gire  the 
advantHge  of  strong  hydraulic  pressure,  though  in 
that  c«iie  the  air  at  B  would  he  compressed  intosome- 
wbnt  smaller  space,  yet  no  imaginable  force  would  GU 

lain  degree  of  pressure. 

Another  properly  of  air  is  compressibihtv,  in  which  it  diSera  most 
essentially  from  licjuids.  It  has  been  ebewhere  stated  tbai  water 
undergoes  no  apparent  dimiDution  of  bulk  from  pressure  unleas  viaC 
force  be  applied  to  it;  and  other  liquids  in  dilFerent  degrees  i«aiat 
compression ,  chough  readily  dilated  by  beat  and  contracted  by  cold. 
But  airs  and  gases,  though  ss  we  have  juat  shown,  manifestly  endovsd 
with  impenelrabililj,  yet  display  a  fecilily  of  contraction  and  exnan- 
siun  under  the  influence  of  pressure,  which  is  completely  independenl 
of  temperalnTe.  Thej  are.  bowever,  most  powerfully  nffected  by 
changes  of  temperature  also ;  their  bulk  increasing  or  dijninishing 
with  the  dej^ee  of  heat  to  which  they  are  exposed.  That  the  panictsa 
(tt  air  can  be  compressed,  or  driven  by  external  force  closer  to  ewh 
other  than  they  were  before  that  force  waa  applied,  must  be  apparent 
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aaiiDot  be  destnived,  but  will,  when  eiposml  to  tli«  UlnuMI  AmmJI 
Mill  uccupy  a  cenain  spare,  yet  it  Kppun  tbst  mntntctimi  nlwayfl.l 
lakes  place  under  tlie  infludnce  of  pressure  to  a  cerltin  citautL  H^J 
hence  may  be  inferred  anolbst  properly  of  Ml  ilreidy  notiandi  uwiialyjF  J 
iti  poroaily.  The  oampresaibiliiy  of  sir  lain  ba  ■xpnrim*nully  illm' 
traled  by  means  of  a  strong  glass  Cuba  cloasd  nt  one  und,  Uka  ■  but) 
meter  tube,  and  baring  fitted  to  it  a  piston,  eonaiallae  of  a  itronx  'nvl 
wire  or  rod,  with  moistened  leather  fixed  to  une  end,  au  tint  it  m^,  1 
nova  up  aad  down  in  the  tube  quite  «ir-tight.  Then,  lh(  tube  hdr"  " 
fiill  of  au,  the  piston  is  to  he  adapted  Co  the  oneii  end,  and  if  it  ba  ol 
tiously  preaaed  down,  the  air  may  be  reduced  to  about  one-lialf  nf  tttfl 
original  bulk,  wittiout  naing  much  force,  aiid  by  iCrongar  praaMm  ftK-| 
$nid  maybe  yet  further  ooudensed,  but  aclaDgth  (hn  raalitanoa  willtl 
MCh  aa  to  preclude  the  possibility  of  any  ffnuler  oampreaaioa. 

Among  the  meat  remarkable  propertiea  or  uirie  ila  elaHipitr.d* 
'iil§r  on  its  exponaiTe  power,  in  cnnae(|uence  ot  which,  whan  ita  d' 
|Doaa  buTe  been  reduced  by  preaaura,  it  imoiedialely  TnenTon  jti     . 
tjlt  the  caasatiOD  of  tbe  compresainz  force,    'i'liua,  if  iha  platon  of  ■ 
.MmmoD  syringe  is  pushed  down  while  (he  air  la  pmranted  from  tr^ 
mping  by  the  pipe,  a^  aoon  aa  the  preaauro  ia  withdrawn  th*  plaU 
ynU  be  raised  by  the  eipnnaion  of  the  included  air.    To  ihia  prnparl] 

jiof  air  or  gaa  is  owmg  the  force  with  whioli  a  pnllet  of  wet * 

I'^lriven  froma  achoolboy'a  popgun;  and  tlili  insignificant Utilt 

I  aHs  on  the  aame  principle  widi  the  air-gun  and  ulliHf  pliitoaopliioaT 

^lArtimeata.  which  will  be  aubasqueiilly  noliceil. 

GrBTity  or  weight,  is  another  yery  important  projwrty  C 
irliich  it  poesesaes  in  conunon  wilii  aolid*  and  liijniua.  CunnSi 
til,  aa  being  comparatiTely  lighter  tlian  walur,  will  whan  aat  ft., 
keloir  the  aurbce  of  that  liqaid,  rrau  throueh  It  In  the  fami  M 
fciMjiarent  bubbles.  Tliis  ia  an  eSitct  of  bydroatatio  pri 
in  eaneqsencs  of  which  bodiea  of  iafrriot  apHiOo  KTa*l(r  Hi 
'wben  immerw4  in  it  are  pressed  toward*  ita  aarfacs;  aod  iJin*  it  ih 
l^ena  that  acorfc,  a  drop  ofolircoi],  a«a  bnbbia  of  air  or  (w  will  loal 
aa  Ibe  anrfiice  of  water,  and  when  brciUy  ftmmtt  bminttli  it,  rias 
■OOB  to  Iha  tin  aa  sdoo  a«  the  6)rE«  ibat  luipt  il  down  f«— ■  to  asl. 
Tit  vet^  of  Bi  nay  ba  aaceitsiaad  In  th*  aaMa  Mantun  «*  'SMlh  <A 
-     --      •ofida.lTtbvtnnMotMMMMat  «riMMKtt.'1Hk«>W- 
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pleCBBtioiia  Dre  necessaty  in  peFformmj;  this  opecatioTi,  even  when  no 
great  nicely  is  raquired.  1  liese,  hawever  will  be  subsei^uemly  tu>- 
liced ;  and  il  will  be  sufficient  at  preieiit  to  state  ihsc  bj  UHnaa'  of  » 
lai^  bottle  with  a  stop-oock  and  a  syringe  adapted  to  it,  the  weiglit  of 
any  givea  qaanlitjofair  maybe  iliscavered.  For  anpposetlie  stop-ooot 
lobe  laflopen  and  the  bottle  weighed  iatbat  state,  whea  of  course  il 
will  be  laU  of  air,  tben  tlie  weight  of  Che  bottle  nnd  the  included  air 
Laving  been  Doted,  the  air  must  be  drawn  out,  as  coiDpletelr  as  poa^ 
bie,  by  screwing  the  ayritige  on  to  the  stop-cock,  nnd  working  the  pisWn ; 
tlie  stop-cock  ie  then  to  be  turned  so  as  to  close  the  bottle,  wluch  on 
being  weighed  ^ain,  after  being  unscrewed  from  the  syringe,  will  be 
found  to  hare  lost  a  portion  of  its  weight  equal  to  that  ofthe  qaanlity  «l 
air  which  it  would  hold.  A  cubia  foot  of  air  weighs  about  533  gnmu, 
and  consequently  a  cubic  inch  will  weigh  somewbat  less  (ban  0.3  of  > 
grain  ;  therefore  if  the  bottle  would  bold  three  pints,  ita  capacity,  sdiil 
measure,  would  be  rather  more  thonlOO  cubic  inches,  BothaEirit-couht 
be  perfectly  eiLatisted,  it  ought  to  weigh  0,3  x  11)0:^30  grains  nion 
when  weighed  with  the  stop-cock  open,  than  it  does  after  the  air  ba) 
been  extracted  from  it.  By  using  an  air-pump  instead  of  a  ayringe,! 
bottle  with  a  stop-cook  may  be  ao  nearly  exbnueted  of  air,  as  to  lei  ~~ 
behind  no  qunntily  sufficieol  to  interfere  in  the  sligbteat  degree  * 
the  result  of  this  experini —  " 
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Common  air,  which  forms  tbe  atmosjihere  Borroundiag  oil  all  sidM 
the  eailh  which  we  inhabit,  was  long  supposed  not  only  to  be  a  simple 
elementary  body,  but  even  alter  itsmeolisnicaliiropoiliea  bad  been  in- 
Tefltigateii,  and  great  progress  had  been  made  in  the  study  of  thelawa 
of  nature,  very  arroneoua  ideas  were  retained  concerning  the  composi- 
tionofair,  and  it  was  imagined  that  all  elastic  fluids  were  esseDtiaUy 
the  aame.  It  is  now  known  that  almospherio  air  ia  a  componnd,  con- 
aisting  of  two  difierent  species  of  air  or  gas,  one  of  wbicb  called  oxy- 
gen gas,  and  somelimes  vital  air,  is  necessary  to  the  support  of  sninial 
JJfe;  and  tlie  other,  named  uitrogenor  azotic  gas,  when  inspired  alone, 
s  iaJariouB  to  nnimals.  Botli  ibeaa  ^a*  «b  tsi^tfit,  &?  ««j«in«  inW 
•mbiaadoa  p-itii  many  other  ImdieHotvct^  JiSMwa.  >;«&*,  vA->5^a- 
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me  of  which  are  naiullj  in  the  solid  or  liquid 
ihe  farm  of  permanent  gaaes.  Tbere  oia  libewiae 
aides  Diygeo  and  nitrogen  wliith  have  nev«» 
are  tbeietbre  coDHideicd  ii3  simple  IbimB  of 
hei  with  (be  viirious  compouad  gases,  coosti- 
olass  of  bodied  which  possess  diSerent  degrees 
.aluticitj  and  weight,  and  bj  their  aonsequent  pressure  on  solids  and 
lids,  produce  equihbcium  oc  motion  ;  and  heace  tfaej  are  cspnble  of 
applied  to  various  important  puipoaea. 

peculiar  nature  and  effects  of  the  combiDotions  of  the  gsges  with 
other  and  with  solid  and  liquid  suhatanc^s  can  only  he  ascertained 
the  application  of  the  principles  of  chemical  science;  but  the  action 
0»  gases  or  airs,  so  far  as  it  depends  on  their  mechanical  propartiea, 
the  appro printe  subject  of  Pneumatios. 

«Lgb  Btmospheiic  or  aommoaair,  usbeingbyfiirthemoBtabundant 
1  generally  diffused  of  all  elastic  fluids,  ia  therefore  usually  employed 
ue  medium  of  pneumatic  pressure,  yet  since  Ihe  recent  researcbea 
nof  science  have  made  us  acquainted  with  Ihe  caiiety  of  those 
and  their  several  properties,  it  appears  that  some  of  them  maybe 
'  Co  the  purposes  of  art  with  greater  advantj^ge  than  otliera,  and 
^0  aJrisnolongertheonlykiiidDf  gsamadeuseofasamovinif 
The  discovery  of  elastic  fluida  much  lighter  than  the  a 
has  given  origin  to  the  art  of  Aerastation,  or  soaring  through  the  a 
.  in  inflated  ballaon ;  the  eiplcsion  of  gunpowder,  and  tlie  projeoi  1 
fbrceof  balls,  shells,  and  other  miaailea  discharsed  from  ertdlleiy^  ] 
ends  on  the  elasticity  of  s  peculiar  kind  of  air  loriDed  by  the  d^  T 
ration  of  nitre,  sulphur  and  eJioreoal,  composing  gunpowdar  ; 
combustion  cr  homing  together  in  close  Tessels  of  oiygen  gas  wiA  I 
iLet  kind  of  gas  called  hydrogen  Ibrros  water,  which  being  a  hquid  J 
tly  the  whole  space  tsken  up  by  the  gsaes  previously  to  their  com^ 
tJDQ  becomes  a  vacuum,  and  thus  jiressure  may  he  produced,  sod  i 
^  power  obtained.     Tlie  applicadon  of  the  vapour  of  water  ti 
motion  by  the  alternate  expansion  and  condensation  of  stean 

example  of  the  advantageous  adaptation  of  a  non-permonen. 

o  lae  most  important  purposes;  and  if  convenient  means  can  be    ' 
ivered  for  the  liquejaction  of  common  air  arid  other  gases  byprei^    i 
and  reduced  temperature,  as  appears  probable  from  the  researcbet 
[r.  Faraday  and  others,  it  may  be  eipected  that  mochmes  will  bf 
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inTsoted  as  (ar  superior  i 
UMd,  aa  ihry  ure  to  Qiose 

As  the  mechanical  efTecU  of  the  diSerent  gases  when  they  act  hy 
preaaure  mufit  depend  on  their  relatiTe  apecific  gnvitioe,  it  is  of  im- 
portBUCB  IhaltheBB  ahonld  he  actruratelj  Bacerlained.  The  following 
table  will  shew  the  reB|)ectiTe  weights  of  equal  qunntities  bj  meuure 
of  sererol  elastic  lluiils,  iaaluding  tliose  whicli  are  of  the  greatest  in* 
portancr,  on  uccount  of  their  Itequent  occutrenae  and  the  valunble  pj 
poees  to  which  thej  have  been  applied. 


like  otmospberic  air,  been  employed  to  prodDoe 
Hlic  preganre.  It  poeBeasei  pnipmleB  wliicb  hart 
ipplled  to  pmcdoal  puipofleB.  It  destroTS  Hie  co- 
le Bubatoncea,  and  lienoe  it  is  extenaiTelr  Died  in 
and  it  nenmliiea  those  gasaoni  componnds  vMsti 
.-  „_.... . ^_. —  ji ,  wtatu 

hydrogen,  cbUirine 


i 


etllias^^H 


si 
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Bticei,  vad  tbersfare  readily  yield  to  the  fores  applied  nt  the 
which  drives  them  nHaiet  together  without  deatroying  their  eluticity, 
or  diBpoBitioD  la  regain  their  previoua  sitaatiou,  nod.  hence  they  recede 
from  each  other,  when  the  foTce  which  made  them  epprouch  is  with- 
drawn. A  bladder  filled  with  air  may  thus  he  compreBaed  hy  aqueei- 
inv  it  with  the  hands,  and  it  will  swell  out  a|^n  aa  eoon  aa  it  U 
lelieyed  from  the  pressure,  owing  to  its  particles  being  endowed  witli 
■  power  of  repulsion ;  for  in  proportion  as  they  are  left  at  liberty  they 
exhibit  a  tendency  to  expand  in  every  direction,  so  that  their  alnolulia 
dispersion  through  boundless  space  can  only  be  prevented  by  the  in- 

The  elasticityof  Che  sir  i9  looat  convincingly  demao- 
'S^  Btiated  by  the  opomtion  of  the  machine  called  an  air- 

ri~l  pump,  the  conaCmction  of  which  is  similar  in  principl* 

to  ihat  oftheayringe.    By  adapting  two  atop-cockstoa 
common  eyringe,  and  forming  by  meaos  of  them  a  oom- 
icitioa  with  a  vessel  of  convenient  ahtpe  and  di- 
lions,  a  rude  and  imperfect  kind  of  air-pump  miglit 
ontrived,  by  menus  of  which  air  included  in  the 
al  might  be  oonsiderably  rarefied  or  condensed.  The 
jB       eBect  tlma  produced  will   niipear  from  tlie  annexed 
"^"   figure,  in  which  A  H  represents  a  syrinjce  with  a  aohJ 
U)^c         piston,  C  a  oock,  whicli  when  open,  leaves  a  cammuni- 
.;1.  cation  between  the  barrel  of  tlie  ayringe  and  the  glass 

globe  E  ;  and  U  another  cock  which  opens  a  coinmoni- 
■"'  he  external  air.  If  now  we  suppose  tbo 
It  the  bottom  of  the  barrel,  and  the  cock  0 
/  shut,  then  on  drawing  the  piston  up  to  A.  a  part  of  Ibe 
r  in  the  globe  will  rush  into  the  barrel,  and  the  whi^ 
ass  of  the  included  mr  will  become  expanded;  iht 
0  be  closeil  and  the  cock  D  opened,  when  llie  piatoo 
the  bottom  of  the  barrel,  the  nir  it  contained  n-OI  b» 
expelled  throo^h  the  open  cock  ;  this  is  next  to  be  abnt.  and  Ihs  cost 
C  opened,  and  on  drawing  up  the  piston  again,  the  air  in  the  gl»b« 
will  become  farther  raretled ;  and  th^  DperationB,  the  altemsle  q 
iog  and  shutting  of  the  cocks,  and  raising  and  dei>reasinff  the  pi~ 
may  he  continued  till  a  high  degree  of  rarefaction  ia  produced.  ' 
le  apparatus  may  be  onij>loyed  to  effect  the  coodensalioa  of  if 
'       r,  by  drawing  up  the  piaton  with  the  cock   C  shui,  M 


coek  C  is  then  ti 
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Open,  and  IhruBtlng  doim  mth  C  open,  and  D  shut;  for  bycontiouing 
ihis  process,  sir  would  bo  made  to  entat  by  ibe  cock  D,  and  be  ntler- 
Wnrds  forced  ioto  the  globe  £.  Snob  hd  instrument  as  tbat  above  de- 
scribed 19  called  nn  axhanstiog  syiingB ;  thougb  lalves  wbich  open 
and  abut  by  the  mere  preisute  and  expensian  of  Cbe  inaluded  air  itre 
Dsiully^  aubscituted  far  the  atop-eocks.  Vulvea  are  more  coarenient 
tl»n  stop-cocks,  as  reqniring  leas  labour  and  attsation  on  the  part  of 
the  <qwrator;  bat  a muob  liigbec  degree  af  i>ilinustian  can  be  effected 
by  means  of  a  syriiige  fumisbed  with  tbe  latter  iban  by  using  Ibe  cam' 
mon  exbnustiiig  syringe  with  valrea  ;  yet  tbene  are  generall]'  sdopled 
"'  -       .-         >      1    Qg^JQg  Qjjjj  GondeASiDg  ajringea  and  a' 


itop-cockg,  and  moi 


dghl 


lir  out  of  a  close 

id  thus  prodacjng 

a  degree  of  rare- 

.  nearl  J'  spproaihing  to 

■ —  ■  ■•  being  imp(is> 

aliall    aubse- 

,  to  form  a  per- 

■acuura,  by  this  or  any 

apparatus;  tbougb  ibe 

lay  be  carried 

,  t  remaining  air 

Dm  rtnilta  of  oui  eipMiments,  The  6pm  in  the  margin  exhibits  a 
teeticA  of  an  air-pDrnp,  &Din  wfaioh  it  may  ba  periiei<red  that  it  eaaen- 
tiiilly  DOiuiata  of  two  exbaDBting:  ayringea,  bo  arranged  tbat  they  can  be 
worked  alternately.  The  syringes  ore  marked  A  A,  and  their  pistona 
ace  mored  up  and  down  within  the  barrels,  by  ilie  racks  tir  toothed 
rods  B  B,  adapted  to  cotrespoDdia;:;  teeth  on  the  periphery  of  the 
wheel  C,  haring  a  winch  or  handle  tVl,  by  wbioh  it  may  be  turned  so 
"id  depress  either  pis'  "    '       "    ■     -  ■ 


dniira  up,  open  H  pasBii|;e  into  ue  tube  E  E,  c^onimunicHting  'with  ihr 
csritfof  thegJasBliel!  F,  culled  n  receioei.  Fram  the  tube  F  passes  off 
uiioduir  tuhe  G.  the  eitremilj  of  which  opens  into  the  bell-ehnped  tube 
K,  within  which  is  a  small  bssiu  H,  conlajning  mercury,  nnd  Ue  smsll 
tuhe  ],  closed  at  the  upper  end  only,  has  ils  loireT  end  pIuDged  benesth 
tlie  snriace  of  the  niarcury.  At  L  is  a  stop-cock,  which  when  olossd 
cuts  off  the  communicBtion  between  the  receiver  and  the  syriogea,  oul 
which  must  therefore  be  opened  while  the  macbiiie  is  put  in  nction. 
Another  stop-cock,  not  shown  in  the  figure,  closes  i  passage  throuf^i 
which  the  external  air  may  be  admitted  under  the  receiver,  when  tb" 
reault  of  an  Piperim^nt  has  been  ascertained.  Theie  is  so  little  diffei' 
ence  in  the  mode  of  sclioa  of  the  air-pump  and  the  exhausting  ^rini;* 
before  described  that  the  effect  of  the  former  will  be  readilj  uDdBr. 
stood.  Either  syringe  iu  turn,  by  (be  eleTnlion  of  its  pistoa,  and  thif 
ronaeiiaent  closure  of  the  piaton-yalvB  and  openina:  of  the  valve  D. 
draws  a  portion  of  air  from  the  receiTer  F,  through  the  tube  E  E;  anil 
the  altemste  depTessiou  of  each  piston,  by  the  elasticity  of  the  ait  in- 
closed in  the  barrel,  shuts  the  valve  D,  and  prevents  the  air  tran 
retnrnine  into  the  receiver,  at  the  same  time  it  opi'ns  the  vnlve  of  the 
duBcendmg  piston,  and  finds  H  passage  into  the  upper  part  of  the  barrel, 
n  liflQCB  it  ia  uipelled  by  tlie  piston  in  lis  next  asc«Dt.  Tbua,  the  if- 
ciprocal  action  of  the  syringes,  by  means  of  the  raclr-worli,  may  be  con- 
tinued, till  the  requisite  degree  of  rarefaction  he  produced  in  the  air 
within  the  receiver.  The  onlypart  of  the  apparatus  requiring  further 
eiplsnation  is  the  sir-gsge,  consistiDgof  the  tubes  K  sod  1,  and  ^e 
basin  of  mercury  H,  with  which  the  latter  tube  is  connected.  The  alt 
within  the  tube  K,  by  its  pressure  on  the  surface  of  the  mercuiy  in  th» 
basin,  will  keep  that  portion  of  the  same  fluid  in  the  tube  I  raised  to  n 
height  exactly  proportioned  to  the  density  of  the  included  air,  which 
must  be  the  same  with  that  in  the  receiver,  in  consequence  of  the  com- 
munication by  the  tuhe  G  ;  and  thus  the  height  at  which  the  mercnrr 
stands  in  the  small  tuhe  I  will  serve  as  a  gsge  or  measure  of  the  elas- 
ticity and  weight  of  the  included  air,  being  always  iu  tbn  inverse  ratio 
of  the  TOrefnction  which  has  taken  plsce.  It  maybe  proper  to  adil, 
tliat  the  edge  uf  the  receiver  must  be  ground  perfecdy  smooth  and 
level  throughout  its  circumference  that  it  may  Ht  closely  to  the  brasi 
plate  of  the  air-pump  on  which  it  rests  ;  and  that  it  may  prevent  tb> 
entrance  of  the  air  more  effectually  it  must  be  smeared  with  greue,  or 


ideiwent  numerDi 


XPERIMENTS  ON  THE  ELASTICITY  OF  AIR. 


mutothea 

A  multitude  of  experiments,  serTiug  to  demoDBtrate  the  eUsticily  a% 
>U  aa  the  weigbt  of  air,  may  be  aalialacloril;  performed  by  mesos  of 
is  macliiae,  n-hich  n-aa  originally  invented  bjOtho  Guericke,  a  Ger- 
DQ  pluloaopber,  in  ibe  lacter  part  of  tbe  seTenCeenCb  centnr;,  and 
iring  baeo  rendered  more  effective  bj  tba  gtill  and  science  of  our 
itcymen,   Robert   Bojie  and   Dr.  Robett  Hooke,  it  subsequentJy 


1 


aunie  of  tl 


Lty  of  SmeHloii.  tbe  celebrated  engineer. 
&B  principle  and  general  plan  of  tbia  pbilosophical  inatrumenc, 
irflia  varioos  forma  in  wbich  it  baa  been  constructed,  correspond 
iUt  tha  deacriptire  atatement  already  laid  before  tbe  reader. 
Tlie  elastic  force  of  atmospheric  air  may  be  rendered  obvious  by 
acinR  under  tbe  receiver  of  en  air-pump  a  bladder,  whicb  has  been 
mt  half  fiUed  with  air  and  Grmly  tied  at  the  neck  so  as  (o  prevent  it 
m  escaping  ;  for  on  exbansting  Ibe  receiver  gradually,  the  bladder 
ill  be  seen  to  Jiirell,  from  tbe  eipansion  of  the  air  within  it ;  and  if 
a  Bxbaustion  be  contiaued  long  eituugh,  tb»  bladder  will  burst,  from 
eetaatic  torse  of  the  air  it  contuiaod,  no  longer  counterbalanced  by 
flMnre  <in  the  external  surface. 

A  aqusre  ot  flat  e;lass  phinl.  filled  with  air,  well  corked  and  fastened 
ith  wire,  if  placed  under  the  receiver,  will  crack  from  the  eipansion 
the  air  within  it,  sa  soon  sa  tbe  pressure  is  withdrawn  from  its  sur- 
ra by  the  eibauetion  of  the  reciurer.  A  pbial  of  tbe  nsual  shape 
Quid  reaisl  force  applied  iDtemally  or  eEternally,  much  better  tban 
te  with  Hat  aides,  in  conE^equence  of  its  arched  figure ;  hence  tbe 
bemispliericBl  shape  of  the  receiver,  renders  it  beat  adapted 
E  itB  purpose. 

Shrivelled  apples,  prunes,  or  laismB,  witb  Iheir  slins  unbroken, 
Imd  placed  under  a  receiver,  on  the  air  being  eihausted,  will  become 
lump  tram  the  elaatioity  of  tlie  sir  included  in  tbose  fruits ;  and  thus 
bunch  of  dried  raisins  may  be  made  to  ssaume  tbe  appesreiice  of  n 
ne  cluster  of  grapes,  and  a  limilar  apparent  renovutioa  may  beefleeted 
t  Ae  apples  and  prunes ;  but  on  rtHilmitting  the  air  into  tbe  receiver 
le  truha  would  all  reaisume  the  wrinkles  which  betiDV  their  ^e. 
large  glasa  globe  with  an  open  mouth  bave  apiKca  o'  "''" 


tied  ny«  it,  so  aecurply  (hat  the  ai 

HadderrenminB  whole,  and  if  ilbe 

beJQjt  wilidrawo  from  ii,  that  within  the  globe  will  eijiand  bj  ira 
elastic  forcA,  and  raise  thn  bladder  to  a  coniex  shape,  diatendinrit 
iDors  find  more  as  the  exhasstioa  iacreageB,  till  at  lang;di  the  blsoder 
will  be  rnptured.  sod  the  air  in  the  globe  will  expand  itsell'  through 
the  receiTfir.  Let  a  small  syrin^,  having  a  weight  fastened  to  the 
bandia  of  the  piston  be  closed  with  a  cotk  ut  the  end,  tied  down  with 
n  piece  of  bladder,  so  that  on  pulling  up  the  piston  the  sir  ooDldnol 
enter;  then  let  it  be  suspended  in  an  inverted  position  with  the  weight 
downward,  under  the  receiver  of  on  lir  piunp  ;  upon  extracting  part 
of  the  air  from  the  reoeiepr,  the  weight  nl  the  handle  will  dmw  down 
the  piston,  and  on  readmitting  the  air  the  piston  will  riee  again.  In 
tliia  mse  the  partial  eihansdon  of  the  receiver  lessens  the  elaatioity  o( 
the  included  airso  considerably  that  it  ia  nnable  to  support  the  weight ; 
and  on  letting  in  the  air  again,  it  will  recover  ita  elastic  force  and 
raise  the  piston  with  the  attached  weight,  in  the  same  niannat  ■■  it 
would  be  raised  by  the  pressure  of  the  external  air, 

I  A  vny  amusing  eihibition  of  the  effect  produced  by 
-ij  the  elasticity  ofthe  airmaybemiide  bv  mesna  of  the  ap- 
Jff  parotus  represented  in  the  mirgin.  Mollow  glass  flgnrta. 
about  fin  inch  and  i  half  in  length,  resemblins  mMi  ei 
women  must  he  procured,  each  tnving  a  bole  in  one  toot, 
and  the  glass  must  be  of  BUch  thickness  that  the  fignres 
will  float  near  the  surface  of  the  water  when  they  are  filled 
with  eommon  air.  They  are  then  to  be  immersed  in  ■  tall 
I  glass  jar  noarly  filled  with  water,  and  covered  on  the  top 
with  a  strong  bladder,  fnstened  air-tight.  If  the  bladder 
now  be  pressed  inwards  with  ttie  finger,  the  water  bcoBK 
■taost  incomjiressible.  and  the  air  highly  so,  that  contuiiM 
in  the  little  images  will  yield  to  the  compressing  force,  ud 
becoiningcaatrBCled,waIer  will  enter,  and  the  unages  dnis 
beeoming  specifically  heavier  Ihsn  they  were  M  &rBtwill 
descend  towards tfae  bottom  of  the  jar;  on  the  preiaare 
above  being  rentoved,  the  sir  in  each  imtga  recovering  ill 
elastic  force,  will  expel  tJie  water,  and  the  images  will  rim 
BS  before.  ByforcinB  a  little  wsler  into  one  or  two  of  the 
they  are  plased  in  us  jar,  they  muy  easily  be  made  in 


^ 


It  Bt  different  beigbu,  nud  thus  IheirmotlonB  may  be  gmact}-  vnriad, 
Uegiilating  the  prasBUre  on  the  bludtler.  These  dirainutiTe  imagea 
re  been  whimEically  u&lled  bottle  imps  ;  nnd  their  agility  must  ap- 
ir  woDderfuI  enough  t^  those  who  are  ignorant  of  tbe  cause  of  it* 
|71ie  elasticity  of  die  aii  may  be  further  illustrated  by  plnoing  an 
*  umtuning;  a  single  glass  figure,  and  filled  with  water, 
B  receii-er  of  an  air-pump,  only  the  figure  must  be  just  heavy 
|Oti^  to  aiolc  to  the  bottom  of  tbe  jar  uoiler  the  usual  pressdre  of  the 
pkMpbere.    Then  on  eihaasting  the  receiver,  and  thus  diminishing 

B elasticity  and  consequent  pressure  of  the  included  oir,  the  density 
ha  water  remaining  the  same,  the  figure  will  grndoally  rise,  as  the 
bbeoomeamore  rBiefied,  till  it  reacbes  the  surfiu:o  of  the  water, 
«  it  will  Soat,  till  the  air  is  ngsin  admitted  inte  the  receiver,  on 
li  it  will  descend  to  the  bottom  of  t)ie  jar. 
^bnndaat  proof  of  the  compressibility  and  elasticity  of  the  air  may 
'liswii  from  the  consideration  of  the  mode  of  action  of  the  common 
Htic  Qteniil  a  psir  of  bellawa.  This  will  U  once  appesF  on  Bt- 
ling  to  the  eifeol  of  the  vjve  or  leathern  flap,  sttangelv  termed  by 
B  French  I'aint  <lis  sougUt,  the  soul  of  the  bellows.  This  Talve 
aa  when  the  honrds  are  separnted,  and  the  air  enters  through  the  hole 
itbe  lower  board,  tchichoii  presaing  together  the  boards  again  be- 
tea  closed  by  the  falling  of  the  vulve,  and  the  ait  having  no  ochat 
t,  makea  its  eiit  through  the  pipe  in  a  denaa  current.  The  double 
OWB,  Hied  by  blacksmiths  end  other  artisans,  differs  from  the  ma- 
le just  described  inbaving  an  intermediate  board,  wbieb  is  fixed, 
le  the  others  are  movable,  so  that  tt  consists  of  two  air-ohamberi 
aiul  of  one  ;  and  a  hole  in  the  middle  board,  with  a  valve,  luffen 
tair  which  has  beeo  drawn  into  the  lower  chsinber  ibrough  the  hole  J 
pass  into  the  uppei  chamber,  where  it  becomes  condensed  by  1 
ipnsBnre  of  a  weight  fiied  W  the  upper  board,  and  is  discharged  in 
Batinued  stream  through  a  pipe  oonnectei)  with  the  upper  ebambar. 
I  lower-board  is  movable,  and  when  it  sinks  by  its  own  vfeight,  the 
'•  opens,' and  sbutting  again  when  the  board  is  raised  by  meana 
lever  or  some  other  contrivance,  the  air  is  prevented  (torn  eacep- 

Ikendi  wrlteis  on  natnral  pbilosonhr  usnaliy  exhibit  s  HUie:1e  ^Kc 
IlbiDctliecaantErinlit  afthlseiperfiQeDt.  To  tbia  little  cnamcUsd  d. 
te  JbMTt  i'cmail,  they  giic  the  Deiae  or  Ladiim,  V.  SisawL  in  Vs. 
D.le  FbTS"  vol.  iii.  ;.  lla.    BendsuE  Tialte  £Um.  de  ^ys.,  ^.aM. 
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ing  bj  the  TalTe-hole,  and  is  therefore  forced  into  tbe  upper  cbambn. 
A  kind  ofbeUowa  or  lilowiii^-niachiae,  cOQAtrucled  entirely  of  wood, 
was  iaveoted  io  Germmy  in  1630.  It  conaiata  of  two  square  boiei. 
one  fitting  into  tlie  other  so  as  not  to  prereat  it  from  being  niaved  up 
and  down,  hut  without  suffering  the  auto  esca.pe  hetveen  the  sides  of 
the  boxea.  It  is  needleSB  to  dWcribe  it  more  fully,  bb  the  manner  in 
which  it  acts  may  be  easily  conceived  from  what  hubeenstBCed  nborg. 
Variona  modi  G  cations  of  this  machiDO  have  been  adopted  in  aatabliili- 
menlafor  ameltingmetaU,  and  other  purposea  ooDuected  nith  tbe  aits 
and  manufiicture!!. 

The  effect  of  air  acting  b;  ita  elaatic  force  on  the  surface  of  wUn 
mBj  be  variously  eihibileil  in  the  formation  of  jeti  rf'eaii,  or  ipoutinc 
fbuDtsina.  Let  a  alrong  decnnler  be  filled  to  about  half  its  height  witt 
water,  sad  a  glass  tube  of  small  barebepaased  into  it  nearly  to  tbebot- 
him,  and  fixed  air-tight,  going  through  a  hole  drilled  !in  a  eorh,  with* 
piece  of  bladder  tied  over  it  and  round  the  tube.  This  bottle  iatluDto 
be  placed  under  a  tall  reoeirer,  on  the  plate  of  an  air-pump ;  and  on  the 
receiver  being  exhausted,  the  air  within  the  bottle  will  expand,  and 
preasiog  on  the  surlace  of  the  water,  cause  it  to  iasua  from  tbe  top  of 
the  tube  in  a  jet,  tbe  height  of  which  will  he  pmpotCioned  to  the  degiea 
of  rarefaction  of  tbe  air  under  the  receiver.  Compreaaed  air  ma^  be 
made  to  produce  a  siniilar  effect,  which  any 
be  thus  displayed  ;  a  strong  bottle  somewhat 
more  than  bolf  filled  with  wnler.  as  representHi 
in  tlie  marginal  figure,  b^  the  line  D  E,  mual 
have  a  tube  A  C  fitting  into  its  neck,  and  ca- 
pable ofbeing  opened  or  closed  at  pleasure,  by 
turning  tbe  stop-cock  B.  A  condensing  Bjrioge 
'  bemg  adopted  to  the  tube  at  A.  and  the  atop- 
cock  opened.airisto  be  forced  into  the  bottle, 
which  rising  through  the  water,  will  by  its  den- 
sitv  press  strongly  on  the  anrface  of  that  liquid: 
then  adeT  turning  the  stop-cook  Iha  syringe  it 
to  be  removed,  andasmalljet-pipebeingfitted 
to  the  tube  A,  Ilie  atop  cock  is  to  be  opened,  and  the  elasticity  of  Iba 
coadeosed  air  in  the  bottle, -will  dviye  up  the  liquid  in  a  jet,  the  height 
>/Vfcici  will  eradually  diroiii\a\i,aftV\«i«ic\iiiAw,\i^'&iM^MMioji, 
I  Mpprtachea  nearer  and  nMrer  W  iW  i^sft,  at  ■e™«>»^™.  *.™^ 
^  ^W,  «.,U  a  weJJ-fitted  cork,  havit^  ^^^W^^*^^ « "i^ •«=- * '■^ 
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baooo-pipe  psseed  Uirou^hit,  and  Teaching  nmrlj  to  the  boltoii)  of  the 

pldal,  partly  filled  with  mler.will,  on  blavring  stroa^ly  into  the  bottle 

cihibiteffectBpreaisely  nniilogoug  tothose  of  iheap- 

,  :e  described.     Tho  machine  culled  llaro's  Fouatain. 

lesamblea  in  prinoiple  those  noticed  aboTS,  difTeiing  from  tberooolyin 

>r  ID  which  the  comprenaioa  and  ooaaeqaentlT  increaHed  elat- 

produced.    Thia  is  efiected  by  meiuiB  of  a  column  of 

water  ae  will  appear  from  ina]wctioa  of  the  an- 

Duxed  figure,  rapreaentiD)(  one  of  the  numerous 

forma  in  which  eucL  Hpoudngfouataiiia  have  been 

constructed.     It  consiata   ol  an  open    leasel  A, 

from  which  a  tube  paasna  downwiid  to  the  Tesael 

B,  from  the  opposite  aide  of  which  aaolher  tuba 

the  basin  (J.  Iioring  ii  jec-pipe  extended  olmoat  Ui 
the  bottom,  aad  open  above  Co  ttie  air.  Water  liar- 
iag;  been  introduced  into  the  busin  C,  more  wttur 
is  to  be  poured  into  the  resiel  A,  till  it  rune  down 
the  tube,  and  fills  the  hiwer  part  of  tlie  vaasel  B, 
and  comjiresaing  the  air  in  it,  and  in  the  other  tuba 
andcayilyabnTeit.the  water  in  thobaaiaC  will 
by  the  elastic  force  of  the  condnnaad  ail  be  driven 
in  a  jet  from  the  aperture  at  D  ;  sad  by  adding 
water  to  that  in  the  veaael  A,  tho  enclosed  air  may 
be  HO  comprflBsed  as  to  eipel  nearly  all  the 
isia  C.  The  princi[)lo  on  which  Hero's  Fonntaiii 
mots  has  been  hereCofbre  adopted  in  (JermHoj,  in  forming  machineii 
M  raise  water  from  minea ;  but  Ihey  hare  been  laid  aiiide  since  tho 
progreas  of  scieace  has  led  to  the  construction  of  far  more  powerful 
and  efficient  engines  adapted  to  the  same  purpose. 

A  lamihar  example  of  the  elastic  pressure  of  the  air  ocoura  in  Iho 
frothing  of  bottled  ale.  porter,  or  cider,  and  the  sparkling  or  cream  in  |;  of 
champa^e  wine,  when  uncorked  and  poured  into  bd  open  resael ;  thu 
ail  which  those  liqnora  contain,  on  being  released  from  its  confinenuint 
in  the  bottle, escaping  in  numeroua  bubbles  coietinglhe  lur^eofthe 
Sumtr.  Ginger  beer  contains  a  qnantity  of  air  or  gas,  formed  by  a 
chenicsl  proceiB,  and  sncb  ia  its  etasbc  force,  lliBt  v^  l^^uif<nSKAi 
iat  ieao  jvoperlr pnpand,  (lie  included  air  will  d™«  omS.  "(br  ««"* 


IS  dia  string  with  wbich  it  is  ded  down  >i 
:e  also  the  buratiD^  of  bnttlea  filled  witL  cider, 
perry,  bdiI  oilier  liquors  eonaidBrnbly  imprflgnatBd  with  air,  wbon  w«II 
corked  nod  secured  witli  wire.  'VVbM  is  called  goda  wiil«r  is  muiafu- 
tured  by  cutDpreaaing  aii  iulo  water  by  tuechaQioal  meana  ;  and  tl 
theTefuie  oan  scarcely  he  preserved  except  in  atrotig  bottles  of  s  peco' 
liar  form,  I'rotn  which  it  spouta  with  vielenco  through  the  elnsticity  of 
the  (Wndenied  air  aa  soon  as  the  coik  ia  removed.  Air  readily  con- 
binea  with  water,  though  not  to  any  great  Fiteat,  under  the  nmal 
pressure  of  the  atmosphere.  This  will  be  evident  on  placing  a  glara 
of  water  under  the  receirer  of  an  air-pump ;  for  on  eihauating  the  n- 
ceiver  the  air  will  isine,  in  a  multitude  of  small  buhblea,  from  Iba 
sartace  of  the  water. 

It  has  been  already  alated  that  a  perfect  vacnum  cannot  be  obtaiaed, 
eTon  by  meuia  of  au  air-pump  of  the  beat  coostruction.  The  impoagi- 
bility  of  completely  exhausting  the  receiver  of  an  air-pump,  ao  far  ai 
i(  ia  oat  owing  to  the  imperfection  of  the  machinery,  dopenda  on  tho 
identical  property  of  the  aeriid  fluid  which  cauaes  the  air-pump  lo  act; 
for  the  elasticity  of  air  is  always  in  the  direct  ratio  of  ita  deositj  ;  st> 
that  when  halfthe  air  is  extracted  frum  any  vessel,  the  remaining  half 
will  expand  to  £11  tbe  whole  apace,  its  density  and  elasticity  being  di- 
minished in  tbe  sune  propottian,  Thus  if  half  the  air  could  be  ei- 
>ni  a  receiver  by  tbe  Grst  stroke  of  the  piitcn,  and  one-balf 
of  what  was  left  by  Ihe  next  BtmkB,  the  qnontity  removed  by  everj 
subseiiuent  stroke  mnat  mauifestly  be  but  one-half  of  that  removed  by 
the  stroke  immediately  preceding  it :  in  fact,  there  must  always  be  ■ 
remtinder,  however  trifling  it  must  at  length  beoiime.  It  will  be  eii- 
dent  that  though  an  indefioitely  small  quantity  of  air  must  lliua  remaili 
after  worldng  on  oir-pump  for  any  imoginahle  period  of  time,  yel  thai 
quantity  would  Boon  become  ao  extremely  inoomiiderable  ai  to  bars 
nearly  the  effect  of  a  complete  vacuum. 

Suppose  the  proportion  of  capacity  between  the  barrel  of  an  aji^ 
~  ~mp  and  tbe  receiver  to  he  such,  that  one-fourtb  part  of  the  air  wonld 
paaa  from  tbe  latter  into  the  barrel  at  each  stroke  of  its  piston,  then  the 
qnanti^  remaining  in  tha  receiver  after  the  fifth  stroke  wonld  be  leu 
^au  one-fbnrtb  of  the  original  quantity  ;  and  aa  tbe  decrease  would  gn 
on  in  a  geometrical  progreaaion.tbirty  strokes  of  the  piston  would letra 
tnlherweiTet  oulyigg,  of  the  quantity  it  contained  at  first.     Henee  it 


'  tt*t  tlie  smillei'  the  dilfprence  between  tbe  Btie  of  the  re- 
tbat  of  the  bnnel,  tlie  inore  rapidlv  must  ibe  ntelactiini 

ided  air  take  place  ;  and  tbougb  with  H  small  reoeiver  tha 
highly  rarefied  in  a  abort  time,  it  cannat  be  entirely  wiCb- 

tUo  be  obBerred  tbm  the  extent  to  which  the  rarefDCtioD  can 

will  ba  limited  1^  the  operation  of  the  rarefied  air  on  the 
lie  bottom  of  the  barrels ;  for  aa  the  elusljcity  of  the  air  re- 

the  receirer  is  thecnaseof  tlieopeningof  those  vaiFeg,  they 
rth  cease  to  not,  vrbea  the  eihuusDon  has  been  carried  bo  far 
ipuided  air  hss  not  elastic  force  enough  to  oretooma  tiie 

degree  of  reaiatsnce  eaused  by  the  weight  and  friction  of 
AQotber  obstacle  to  the  rarefaction  beyond  s  oartain  limit 

&Dm  the  reaJstuice  to  the  opening  of  the  piston-Talrea 
I  desceadipg  stroke,  owing  to  tlie  want  of  sufficient  ela&- 
e  highly  rmetied  air  lo  oTOrcome  (he  pressure  of  the  atmo- 
those  valTes.  Varioua  iraproveinents  hare  been  made  in 
lotion  of  air-pumps,  which  hate  conaidorably  lessened  the 


1  the 


roperliee  of  air  the  formation  of  an  absolute  ti 
scribed  must  be  impracticsble,  yet  the  ingenuity  of  modem 
enabled  ns  (o  produce  within  a  receiver  any  degree  of  ex- 
Kjuisite  for  the  most  delicate  and  interestjog  experiments. 


H'efgfti «/  the  Air. 

nsequent  graritv  or  weight,  are  of  eqaal  importHnce  with 
Mf  from  its  elasticity  ;  Bnd  the  subject  therefore  demands  a 
ded  inrestigHtion  than  has  been  Uresdy  afforded  to  it. 
vidBDCa  of  the  weight  or  ponderosity  of  air  may  be  easily 
r  meana  of  an  air-pump.  For  by  ascertaining  the  weight  of 
known  oapacity  before  and  after  it  has  been  eihausted  of  tbu 
edinit,  the  loss  of  weight  after  eihaustion  would  show  the 
■  force  of  the  air  which  bad  been  eitracted  from  it,  and  if  the 
i  be  aoourutely  performsd,  it  would  appear  that  a  cubic  foot 
Id  weigh  533  grains.    The  same  quantity  h^  meawi-m  tA 
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wBler  would  wexgU  1000  aunGB»  avoirdapois;  Wnce  it  must  rollow 
thai  wHier  baa  about  S40  times  tlie  wdgbt  of  air,  bulk  for  bulk  ;  and 
this  result  ForreBpoads  sufficiently  with  tbe  eEtimate  of  tbe  spwifin 
gravity  of  atmaapburta  air  compared  with  tbat  of  water,  aa  stated  in  the 
table  or  apecific  gmvitieB,  in  tbe  treatise  on  Hydrostatics.* 

As  air  then  has  a  determinate  weight  like  all  otber  ponderable  kjoda 
of  matter,  it  must  produce  pressure  in  the  same  manner  as  other  heavy 
bodies,  and  that  in  proportion  to  its  moss  and  specific  grari^.  llie 
weight  of  lUDO  cubic  incbes  of  atmoapheric  air  mast.  Irom  what  is 
slated  above,  be  greater  than  that  of  a  single  cubic  inch  of  water,  sail 
consequently  if  the  pressure  of  9ueb  a  mass  of  air  could  be  made  to 
act  on  B  Bmall  surface,  it  would  produce  a  greater  effect  than  the  pies- 
Huieof  a  cubic  inch  of  water.  Now  tiie  most  direct  mode  of  causing 
the  pressure  of  a  given  bulk  of  air  to  act  by  itii  grarity  on  a  sur&ce  of 
a  oertain  extent  would  be,  by  forming  a  cylindrical  or  square  cotunui 
of  air,  the  b«sc  of  which  should  be  exactly  of  the  extent  required.  Thia 
could  not  be  conyenieatly  effected  by  artificial  means,  except  in 
columna  the  height  of  which  was  but  inconaidersblo  ;  but  in  tbe  atmo- 
sphere around  ua  nature  presents  a  mass  of  air  of  groat  altitude,  the 
vertical  pressure  of  which  on  any  given  space  may  be  asceruuned  by 
direct  experiment. 

A  rHpivei.  nr  tmj  other  air-tiglit  veiisel.  ])Uced  on  tbe  plate  of  ta 
air-puoip.  would  became  died  to  it  by  the  eihaustioii  of  tbe  inclodBd 
air,  in  consequence  of  tbe  atmospheric  pressure  on  its  surface.  Seine 
ideaof  tbe  amount  of  this  compressing  force  m^  be  obtained  by  placing 
the  palm  of  the  hand  over  the  top  of  a  glau  cylinder  open  at  boui  endi, 
the  lower  opeoing  resting  on  the  plate  of  an  air-pump,  and  the  uppet 
opening  being  covered  by  tbe  band  so  closely  as  to  prevent  the  ail 
from  entering  in  that  direction,  the  cylinder  being  partially  exhausted 
the  weight  of  the  atmosphere  pressing  on  the  back  of  tbe  hand  would 
not  only  be  senaibly  felt,  but  would  also  be  found  to  be  so  cotudderoble 
before  complete  eihaustionhad  been  efiectad.  as  soon  to  occasioD  pain 
and  inconveoience.  Reckoning  tlie  weight  of  the  atmosphere  upon 
every  square  inch  of  surface  to  be  Gfleen  pounds,  the  pressure  dd  th* 
hand  placed  over  an  exhausted  receiver,  the  tap  of  which  it  wonldjwft 
cover,  would  bo  etjual  to  about  sixty  pounds. 
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neck  to  which  this  handle  in  screwed  is  a  stop-cock, 
cb  being  opened,  and  the  handle  removed,  tbe 
bomisphere  is  to  be  Bcrewed  on  the  pnnip-ptate,  or  on 
to  an  exbauHting  syringe  j  and  the  other  hemijspbere 
{lU*iog  been  fitted  to  i(,  a  vacuum  ia  to  be  formed  in  the  interior  by 
~  orking  the  pump.  The  Htop-cock  must  then  he  tamed  so  as  to  pn^- 
aot  tbe  ra-entrunoe  of  sir,  snd  on  uosctewing  the  brasa  globe,  and 
[filing  the  handle,  it  will  be  found  thut  the  hemi^pberea  compoaing 
t  ue  firmly  united  by  the  pressure  of  tbe  external  air.  Suppose  the 
Sameter  of  the  globe  lo  be  G  ioeheB,  tlie  surface  of  a  section  througb 
he  oontre  vtould  be  about  SfB  inches  square;  and  hence  the  preasure 
t  Ibo  air  upon  one  square  inch  being  known,  the  force  requisite  lo 
irste  the  hemispberee,  auppnaing  the  exhaustion  to  be  nearly  com- 
B,  might  be  easily  computed.  This  is  usually  termed  tbe  JMagde- 
l  experiment,  it  haying  been  originally  invented  by  Otho  Guericke, 
flvgdeburg,  the  inventor  of  the  air-pump ;  and  it  appears  to  have 
him  to  that  important  discovery.  For  Ae  manner  in  which  be 
tigiiully  oonducted  the  experiment  was  by  filling  the  space  iaclnded 
Btween  the  hemispheres,  when  pressed  together,  with  water,  to  expel 
18  air,  uid  then  pumping  out  the  water,  while  the  air  was  prevented 
ton  re-entenng  by  turning  a  stop-cock.  Having  thus  ascertained  the 
Otof  tbe  existence  of  atmospheric  pressure  to  a  great  degree,  he  pro- 
Mded  to  the  invtnlion  of  the  air-pump,  by  means  of  which  Ihe  ei- 
fUHHoa  of  tbe  joined  hemispheres,  could  be  much  more  readily  and 
aKeniantly  effecleil  than  by  the  operose  process  he  had  at  first 
loptedi  This  ingenious  philosopber  operated  with  two  copper 
liBjAereB,  nearly  a  Magdeburg  ell*  in  diameter  ;  and  the 


>  See  Winkler's  Elemeai 
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of  pressure  on  sucli  bh  extent  of  sarfice  was  so  great,  tlint  when  A» 
jnleriDi  carity  bad  been  pibDUstcrl,  tbe  eeparation  of  tlie  beinis|iLen« 
could  not  be  affected  by  the  strengib  of  twentT-fcmr  liorsea,  twalre 
being  bunesaed  together  on  encli  side,    and    dra^Dg  in  op[iMin 

That  the  weight  of  tbe  stmosphem  is  alwayB  propCP' 

on  any  eitenl  of  surface,  may  be  deniODBttated  by  atemt 
of  a  gines  lube  benl  sa  representod  in  tbe  margini  lal 
open  at  both  ends.  'I'ba  diametor  of  the  tube  being  Sh 
Bume  throughout,  if  mercury  be  poured  Into  it.  it  wU 
rise  to  tbe  snine  height,  D  C,  in  either  part  of  tbe  Kite, 
Then  let  tbe  eitremily.  A,  be  closed  by  placing  o»er  lit 
piece  of  moistened  bladder,  firmly  secuisd  by  melud 
reein  or  sealingwsx  ;  and  the  mercury  pressed  on  hrtk 
air  above  it,  of  the  common  density  of  the  atmosfdiaft 
would  alKAyB  remain  at  tbe  same  height.  D  ;  but  tbe  column  c^  mat 
cury  in  tbo  other  pare  of  the  tube  having  its  surface  exposed,  wogH 
rise  or  si  ok  with  the  variation  in  deusily  uf  tbe  atmosphere.  Thuif 
«uah  a  tube  were  carried  to  the  top  of  ^t.  Paul's  Cathedral,  tbe  e  ~     ' 

of  sir  would  be  shortened  by  a  space  equal  to  tbe  height  of  the 

ing,  and  the  mercury,  in  aome  degree  relieved  from  pressure,  nodi 
rise  in  tbe  sptice  C  B.     On  the  contrary,  if  tbe  tube  could  be  * 

into  s  deep  mine,  tlie  mercury  on  tbe  open  side  would  sink  t .._ 
being  pressed  by  a  loftier  column  of  air  than  when   at  tlje  aurii^ 
where  the  height  of  the  mercury  «-as  first  noted- 
Such  an  iustrumcDt  as  that  just  described  would  be  a  spsciM 
Barometer.*  aince  it  would  indicate  the  varyiag  weight  of  ihsui 
sphere.     But  the  inBtnimenC  to  which  tbe  appellation  <,f  baroinetart 
been  given  is  dilTerently  conitritcted,  and  better  adapted   lo  afibiJ 
i^orrecl  ealiraale  of  the  amount  of  almoapheria  presaure 
times  or  under  varying  circumstances. 

Tbo  invention  of  Ibig  valuable  initrument  appears  to  be  jnatly* 
buted  to  Torricelli,  professor  of  mathematics  at  Florence,  in  trhmaw 
part  of  the  seventeenth  century.     He  wus  tlie  pupil  of  tbe  uelebMa 

"  Tftis  term  sign jlies  amEBiao(eQi«s\E».,tioin'Sm*i5';tV\, 
"od  Mirpav,  a  measore. 


P  Galileo.  it)m>  leems  to  h»e  been  the  first  nmong  modem  philosophers 

I- wboliBd  any  idea  tiint  air  poaseased  Ch?  jiropBity  of  weigbt ;  tbough  be 

I  wu  not  snare  of  ifae  mods  of  its  upeiatioo  in  prodnciag  Btmoaplieric 

■  paaBore,  and  Iho  nnmurouB  pbenomeaa  con*(antly  resulliog  from 

1 3t  bad  been  accideiilaUy  obserred  tbiit  in  raiain;  waMr  by  niSEins  01 

I  lump,  the  beigbt  to  wbicb  it  could  be  drawn  in  wbat  is  culled  ibe  ax 

lioai-pipe,  never  muub  exceeded  33  ieut ;  sinca  when  Ibe  piituu  o: 

pump  was  elevated  more  than  about  tbut  beigbt  above  the  surface  of 

Bie  water  in  tbe  pump-well,  ihe  liquid  no  longer  followed  [lie  piston. 

The  drawing  np  of  tbe  piston  of  course  forma  a  vacuum  in  the  pipe 

below  it,  nod  tbe  consequent  rising  of  tbe  water  into  tbe  void  space 

was  accounted  for,  or  rather  attempted  to  be  eiplaiaed,  bj  the  pbilo- 
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im,"  and  therefore  causes  the  water  to  aacend 
'acnum  from  taking  place.    Tbe  do^a  of  Na- 
ture's abhorrence  of  a  vacuum  iaacuoaplete  absnrditj  ;  and  (be  phrase 

WIS  inventeiJ,  like  msny  others,  wm*  of  which  ere  still  current,  to 

sonceal  the  ignorance  of  Ibose  who  pretended  to  universul  knowledge. 

It  was,  however,  generally  adopted  at  the  period  just  mentioned  ;  and 

till  it  was  discovered  that,  when  a  vacuum  was  actually  formed  in  the 

Uotioit'.pipe  of  a  pomp,  water  would  not  riae  to  fill  it  much  above  33 

JMt,  no  one  seems  to  hnve  thought  of  questioning  tbe  propriety  of  the 

OBrrent  opinion  on  the  subject.     Some  engineers  at  Floreace  finding 

thenuelTea  foiled  in  an  attempt  to  raise  water  by  a  pump  from  a  well 

of  greater  depth  than  usual,  applied  to  Gableo  for  advice  as  to  the 

Jneans  of  raising  water  to  a  greater  height  than  3.'>  feet,  or  at  least  for 

^'Mi  explanation  of  tbe  uaune  of  a  phenomenon  which  they  could  not 

p-Mcaacile  with  tUe  generally  received  hypothesis  coticerning  the  aiceut 

fcaf  water  in  the  suction-pipe  of  B  pump.      Galileo  is  said  to  have  told 

Kiba  jnqairera  that  '■  Nature's  abhorrence  of  a  vacuum  did  not  extend  to 

Kdiatancea  greater  than  33  feet,  and  therefore  that  at  that  point  her 

■itffoTts  ceased."    It  has  been  qnestioned  whether  tbe  philosopher  really 

^•xpressad  himself  in  this  manner,  tbough  the  itory  has  oAeu  been  re- 

l]pe«ted  ;  and  it  may  at  all  events  be  concluded  that  if  he  gave  such  an 

■Mnrsr  to  thoae  wiio  applied  to  him,  be  could  hardly  have  onnaiilerod 

mib  u  a  SHlisfactory  solution  of  the  difficulty  nrhiah  bad  boeo  started. 

lAcootdingly  in  bia  writings  he  attempts  to  accouni  for  the  phenomenon 


tNKDKATICS. 

on  otiier  principlea.  bat  iLe  real  cause  of  it  seeros  to  bave  elBiled  bu 
penetntion. 

Probablv  the  discnasnons  to  whicli  this  circumatance  gave  ri»BB«g- 
geuced  to  Torricelli  the  idea  tfaat  ttie  BBcent  of  waXat  ia  the  sucCiu- 
pipe  of  a  pump  iras  caused  Eolely  by  tbe  presstire  of  tlie  atoiosphen 
till  the  water  in  tbe  Trail,  aud  that  us  tiie  weigbt  of  tlie  atmoBpheie  U 
the  etuCh'B  surface  could  Deier  vary  to  anj  great  eiteut,  it  {bmeCoit 
never  grsatlj  exceeded  wbat  would  be  aufflcieiit  to  raise  a  column  of 
water  in  a  vacuum  to  iLe  height  of  33  feel.  The  bnppy  thought  oc 
curred  to  him  of  verifying  his  conjecture  by  moking  mi  experimml 
tvith  a  fluid  inach  heavier  clian  wnter,  as  he  perceived  that  if  the  ascent 
□f  water  depended  on  atmospheric  pressure,  tlie  suoe  pressure  on  tin 
heavier  fluid  vrould  raise  a  columa  of  it  to  s  proportionBUj  inftfiv 
height.  With  this  view  he  £ied  on  mercury,  as  the  hesvieat  laid 
known,  at  common  temperatures  :  and  having  procured  a  glass  talWi 
open  at  one  end,  be  filled  it  with  mercury,  the  specific  giuvi^  cf 
triiich  compared  with  that  of  water  was  as  l3J  to  1  ;  then  imnieniBg 
the  open  end  of  tbe  tube  in  a  small  jar  of  mercury,  and  sufiering  > 
cnmmunicatioD  to  take  place  between  the  mercury  in  the  tobe  and  thai 
in  the  jar,  he  observed  that  the  fluid  sunk  till  it  stood  in  the  tuba  jnil 
30  inches  above  the  level  of  that  in  the  jar  below.  This  experiment  wii 
BO  far  completely  satisfactory  ;  for  as  13i  ;  1  ;  i  33  feet :  HJ  feei  =  SO 
inches;  thus  the  weigbtof  the  atmosphere  pressing  on  any  given  sqiGmx 
wag  found  lo  bo  equal  to  that  of  acolumn  of  water  of  tbe  same  extent  M 
the  base  and  3^  feet  in  height,  or  of  a  similar  column  of  merniry  only 
30  inches  ia  height.  The  barometer  now  in  general  use  as  a  weather- 
glass is  nothing  more  than  a  tube  of  proper  length  filled  wilhmercuiy. 
■nd  either  dipped  at  tlie  open  end  in  a  small  cup  of  the  same  fluid,  ur 
else  having  the  open  end  curved  upwards,  so  that  the  men^urj  may  b> 
exposed  to  the  pressure  of  the  atmosphere :  a  scale  of  inches  also  ii 
udapted  (o  the  upper  part  of  the  tube.  Extending  from  27  to  32  incbei, 
that  it  may  B]ipear  by  inspection  at  what  height  the  mercury  stsndi 
under  the  pressure  of  tbe  atmosphere  at  any  pBrticular  time.  Thw 
useful  instrument  was  at  first  called  the  Torricellian  tube,  from  du 
name  of  the  discoverer  of  the  principle  on  which  its  action  depends  { 
but  it  aobtequendy  received  the  designation  of  a  barometer,  now  vaU- 
Fenally  adopted. 
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V  AftsT  the  effect  of  BtmiMpheric  ^avily  sod  canaequent  pressure  hwl 
I  ascorbuned  by  Uis  decisive  eiperimenta  of  TorricElli,  the  subject 
fiirtlier  invesogsted  in  France,  chiefly  tiy  tba  distiuguialied  philo- 
ler  PaBCBl,  and  by  Father  MeTaeone,  in  1647.  The  foTmer  refleci- 
■M  liiB  eSeota  of  atmospberic  pleasure,  it  occurred  to  him  that  the 
Lght  of  the  column  of  air,  depending  on  its  vertical  height,  must  be 
vtan  in  low  aituatioDB,  and  decrenee  in  aioending  an  eminence. 
try  tbU  principle  by  the  teat  of  experiment,  he  requested  a  fneoil 
o  raeided  in  Auvergiie,  to  ascertain  the  relative  heights  of  a  baro. 
belricBl  column  nt  the  bottom,  nnd  afterwaids  at  the  top  of  (be  i' 


sad  he'bi 


ned.     The  oflect  tuok  place  aa  Pascal  had  a 
I  aubuquetitly  made  cotreeponding  obser 

Boved  iiom  tbe  level  of  t,  stieet  in  Paris  to  tbe  summit  uf  a  lof^ 
efcqrclMower. 

*  At  >  pbiloBOpliical  inatrnment,  tbe  barometer  is  faigbl;  useful,  not 
bttlr  (or  the  purpoae  of  ascertainiag  the  daily  imd  hourly  Tniialiona 
"-- "l  «re  tilting  place  in  iba  atmoaphere  in  any  given  situation, 
^fram  CHQses  connected  with  tbe  science  efmetcnrolagy,  and  for 
purposes  of  a  similar  nature ;  but  likeiriae  aa  afrording  means  for 
Ikimnitely  estimating  the  heights  of  mouotains,  or  in  factofanv  places 
~'  ttsver  above  the  level  of  the  sea.  For  either  of  these  purposes, 
rever,  it  is  necessary  that  a  barometer  should  be  very  carefully  imd 
aritely  constructed  ;  and  in  making  ohaervstiona  by  means  of  it, 
iMpCCially  in  the  measurement  of  heights,  various  precautions  are  re- 
tpiipd,  lUid  the  efiect  of  temperature  in  particular  must  be  talen  into 
tte  Boooanl  in  making  any  calculations. 

Itmnilbenee  be  obvious,  that  as  a  wentber-glasa.  the  utility  of  soch 

iffbei^ht  of  the  mercury  at  any  time  must  depend  partly  on  the  eleva- 
on  of  tbe  place  of  observation  above  the  level  of  the  sea,  no  correct 
ijudgment  can  be  formed  relative  to  the  density  of  the  atmosphere,  aa 
■ffiKting  the  stale  of  the  ireather  without  reference  to  tlie  situation  of 
"     '  It  at  the  time  of  making  the  observation  >  and  a  aeries  of 

at  any  given  place  would  be  required  in  order  to  enable  a 
persoD  to  form  a  probable  opinion  of  the  change  of  weather  to  be  ex- 
pected after  the  rising  or  falling  of  the  mercury.  One  source  of  im- 
pcriectioD  in  the  instrument,  which  renders  it  dlfficultitQ'lBUmu.'w&'^xa 
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extent  of  tfaon  iligbt  nuiitions  jn  tlie  beight  of  the  mercarinl  cofumn 
vrliicharejetinleresUDgto  tbemetereologiculobBerTer,  haa  ledtosonM 
peculinrities  of  constnictioD,  bvmeensof  which  the  aoale  of  absemtiDD 
loipht  beealaT^diOnd  miuute  chaagea  in  the  bejght  of  the  mercory  be 
riouH.  One  method  of  eflectiDg  thU  purpose  is  by  uioiM 
of  what  is  called  a  wheel-barometfir,  iLe  exlernal  ap- 
pearaoce  of  which  few  peraoDB  otm  be  nnBceiaainiid 
with,  as  such  instruments  nre  geDerally  preferred  hr 
damemic  use.  The  constniclioa  of  the  whed-buD- 
laeler  may  he  thus  described,  with  reference  to  ibe  fignn 
inihcmatgin.  Itconsistsof  atabe,  A  B  C ,  henoetically 
seated  at  A,  and  open  at  C  ;  and  of  sach  a  length  thai 
the  distance  froDi  C  Id  A  may  be  eboat  S2  inches.  Tha 
mbe  must  be  entirety  filled  with  mercury,  which  <n 
plaeiog  it  in  a  rerlieel  position  will  subside  in  the  put 
I  B,  till  the  differeuce  of  the  levels  E  and  F  will  be 
iquiU  10  the  height  of  a  column  of  mercury  which  <rill 
lalsDcethe  weight  of  the  atmosphere,  so  tliot  any  chssga 
of  pressure  will  have  aa  equal  eflect  on  the  mercury  at  Esnd  F/andllnif 
through  whatever  apace  the  fluid  may  rise  at  E,  it  willbe  depreasedlo 
tl>e  same  extent  at  F.  Upon  the  aarface  of  the  mercury  at  F  floats  • 
small  hall  of  iron,  suspended  by  a  strong  thread  over  a  pulley  P,  and 
to  the  other  end  of  the  thread  is  attached  the  weight  W, not  gJheaTjM 
the  floating  ball .  The  axis  of  the  puUey  passes  through  the  oentraofi 
large  graduated  circle  G,  and  tarries  an  indei  H,  which  revolrcsH 
the  pulley  turns  rauod.  The  weight  \V  being  just  heavy  enough  lo 
counterhalnnce  the  iron  ball  and  overcotne  the  friction  of*  the  pnllaj. 
the  iron  ball  rises  and  falls  freely,  as  the  surface  of  the  mercon'  (M 
which  it  flouts  is  elevated  or  depressed  by  the  weight  of  the  air.  Sow 
if  the  circuntference  of  The  wheel  P  be  S  inches,  then  one  entire  mo- 
tution  will  correspond  to  »u  alteration  of  level  amountiDglo  \i  inohaaM 
F,  and  tliereforo  to  an  alteration  of  4  inehes  in  the  height  of  the  bars- 
metric  column.     And  as  tlie  graduated  circle  may  convenientlr  be  10 

iBch  of  the  column,  and   1  inch  of  the  circle  to  ,^  of  an  inch  of  ttw 
column ;  bo  that  rariations,  amou-ntia^  to  much  leas  than  the  tenth  U 
an  inch  will  be  distinctly  petceptiW. 
As  already  stated,  the  utility  o!  tVe  Vvtotoew 
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irith  rerrrence  to  the  silnation 
die  obaerver ;  Bad  not  dis  least  Bltention  ouglil  la  be  paid  lo  the 
nla  "  Tain,"  "  lair,"  '•  cbaagealjle,"  &c.,  frequeadj  eDgrered  on  tbe 
Ee  of  a  buromelBr,  sa  Oiey  will  ba  found  to  afford  uo  certain  indict- 
la  of  the  correspondeace  between  the  heigbts  ibuB  marked  and  ths 
te  of  the  weatber.  General  rules  for  ualculatlug  cbaii|;eB  in  tbe 
ULsi  from  tbe  barometer  ean  seldom  be  adapted  to  all  siluutions ; 
pi  ttiBrefore  ibo«e  who  nmy  be  desirous  of  obtaining  tbe  menus  for 
aaing  a  correct  Judgment,  ua  to  subsequent  alterations  in  tbeataiaof 
amtmoapliere.  from  the  indicatiDns  of  the  degree  of  atmospheric  preg- 
re  at  anj  time  aSbrded  bj  the  bJiromuter,  must  derate  much  atten- 
ID  to  the  subject;  without  which,  written  rul?e  would  only  mistead 
H  obaerrer,  and  lon^  application  to  the  practical  study  of  the  instra- 
Bnt  would  render  rules  UQoeceBsary.  One  circumstance,  however,  may 
bworth  tnentioniDg,  nbicli  is,  that  changes  of  weather  are  iudicsted 
Dt  ao  much  by  the  actual  height  of  tbe  baromeCrioal  column,  as  by  ila 
uHtion  of  beight,  and  Che  manD^r  in  wbiali  llint  TtiristioD  lakes 
J»a8,  B»  wLether  regularly  or  irregularly. 

vjUnoDg  the  mellioda  which  have  been  adopted  to  obtain  the  most 
inrate  eatiniBtes  of  Che  eflect  of  atmospheric  pressure  may  be  noticed 

I  earn  pound  buromeier,  m  which  water  la  added  to  the  mercury  in  the 
1^  and  tbe  mean  hsight  of  the  barometrical  column  bein;  thus  aug- 
iTtAd,  the  variations  which  arise  from  the  varying  weight  of  the  air 

II  be  more  conaideroblo  than  in  a  common  baromeier,  and  therefore 
f  be  more  diatipctly  observed.  Such  instrnmeuls,  however,  are 
Ills  to  certain  defects  and  disadvantages,  which  render  them  inferior 
ML  tba  whole  to  those  of  the  usual  construction . 

A  barametrical  column,  comjiosed  of  water  alone,  from  its  eitrema 
'kwillility  (ocliangeaof  atmoapUeric  preaaure,  must  afford  muchjn'ealer 
itOily  for  noticing  tbe  more  minute  alterations  which  ore  found  to  he 
■aontly  occurring  than  the  mercurial  barometer.  But  a  water-baro- 
leMrmnstDBceaaarilj  be  a  most  unwieldy  mncliine.  and  consequently 
Mdbe  adopted  in  but  few  aituatioou,  even  where  theeipense  and  in- 
tmnience  attending  its  construction  might  be  of  little  importance. 
[>  Tascal,  wboae  philoaophical  researches  hare  been  already  noticed, 
kde  lome  interesting  experiments  at  Rouen,  in  Nurmandv,  iu  which 
H  bymeanB  of  glass  tubes, 40  feet  in  [enL:th,  uscert^ed  I'he  eflwl  of 
B  praaBure  of  the  atmosphere  on  water,  and  also  on  wiae  -,  ^M.  Vti 
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found  tbtt  wheD  mercnrj  atoad  in  (he  common  baioMBtar  ■ 

ofK  French  fwt  Si  incbea,  wuler  was  railed  in  cue  of  tU 
height  of  about  3lJ  feet,  snij  wine  to  that  of  Slj.  Tliaa, 
difference  of  specific  Krarity  in  these  two  liquids  muM 
but  incoasideisble,  yet  it  occiuioned  a  sennible  diSWencs 
ner  in  which  thej  were  B^ecced  by  atniosplieric  preaBoce 
perimeat  on  water  was  lepeateil  by  Royer  Cotea,  pcofaBBQ 
sopbj-  at  Cambridge,  in   the  beginning  of  the  laat 


A  permaaent  water'bnrometer,  however,  lias  been  erects 
of  tlie  Koyal  Socielv  of  London,  in  the  hall  of  entrance  to 
mentg  at  Somerset  Houae,  t)ie  tube  eitending  upwirds  in  tl 
winding  aturcsae.  It  conaiata  of  a  glau  tube  4()  feet  in  lei 
incb  in  diameter  at  the  lower  end,  nearly  cylindrical  ibroogf 
only  a  little  narrower  at  the  upper  HiCremity  than  it  is  b« 
instrument  ia  well  adapted  to  show  the  Tarioua  period 
tions,  or  ae  they  have  been  termed,  oacillations  of  the  Ui 
column;  and  aome  obsetTationa.  with  tables  formed  from 
already  been  laid  before  the  Koyal  Soviely,  by  Mr.  Uimie 
bean  noticed,  that  the  rise  and  fall  of  the  column  of  water 
romeler  precedes,  by  one  hour,  the  corresponding  changes 
curtal  barometer ;  and  it  ia  stated  that  in  windj  weather  tij 
io  perpetual  motion,  ila  fiuctuntions  in  llie  tube  baring  beei 
to  the  breathinft  of  an  animal* 

It  has  been  already  obaerred,  tiiat  the  elasticity  of  the  ai. 
in  the  direct  ratio  of  its  deusity ;  or  in  olber  words,  that  I 
(he  deority  of  any  portion  of  sir,  the  greater  will  be  thedeg 
tie  force  which  it  is  capable  of  eiertiug.  The  best  modeni 
■re  so  coostnictsd  as  to  aerTe  for  the  oondensation  aa  well 
faotioii  of  air;  biit  for  the  former  purpose,  a  condensing  ei 
likewise  be  employed  ;  and  eitber  metbod  ma^  be  adopted 
experiments  on  tlie  elaaticity  of  compreased  nir. 

Among  the  most  intereating  applications  of  the  force  of  ai 
of  high  condenastion  is  that  of  projecting,  by  euch  meaus, 
other  iDissiles  from  aa  air-gun.    It  is  soioewhat  remarkabl 

■  Arnan  of  Science,  ISJ3,  pii.  »]3,  2l3l, 


ianmment  appears  tc 
pomp  or  the  IrarotDeti 
nBna  d'Artillerie,"  w 
"      is  XIII..  of  Fta 


le  before  [lis  dtscareiy  of  the  t 


1  tbe  inientioQ  b 


limenx,  in  Nonnandy,  who  presented  nn  oif-Run  to  Heiuy  IV. 
dio  stated,  that  on  air-gun  yna  preserreii  in  the  armoiy  of  Schmi 


Tbe  air-gun,  like  the  common  gun  or  musket,  consiats  portly  of  u 

*img  metal  tube  Adapted  to  receive  a.  bull,  but  the  brpcch  eud  of  the 

~*     tr  barrel  bna  nn  opening  to  admit  condenBcd  air  behind  tbe  botl, 

1  acting  bj  itd  elaatic  for(>e  propels  it  with  a  Telocitjj  propoi^ 

i  to  tie  degree  of  condensation  of  the  bit.     Though  the  effect  u 

iced  ID  the  manner  juat  desarihed  in  all  air-guns,  jet  the  loschB- 

m  arrangement  by  vbich  tiie  edmtasion  of  the  nir  ia  regulslad 

L  in  different  instruuenta.     Some  of  them  tae  fumiahed  Kltb  ■ 

nrlnge  for  compresaiug  tbe  air,  included  within  the  butt  of  the  gun, 

r  is  an  exterior  tabe  annouDding  the  barrel,  no  that  tbe  ur  is 

lo  the  apace  between  tbe  tubes ;  and  the  ball  having  been  in- 

[>daoed  into  Che  barrel  which  it  fits  closely,  a  valve  is  opened  by  presa- 

s  knob  or  trigger,  aud  the  ait  ruahea  from  the  cavity  formed  by 

«c  tube  into  the  thamber  behind  the  ball,  which  it  expels  from 

le  barrel,  continuing  to  act  upon  it  by  its  eipansive  foioe  till  ths  hall 

>d  from  the  mouth  of  the  air-gun.     Other  instruments  have 

It  one  tube,  for  the  reception  of  the  ball ;  and  the  air  is  comprefiaiHl 

■  ooudenaing  syringe  into  a  strong  brasa  or  copper  globe,  which 

Ml  filled,  can  be  detached  from  the  ayringe,  and  screwed  tu  the 

Bun  of  ^^  g""'  ""^  ^7  a   contrivance  aimilar  to  (hat  already  do- 

^-     •   a  bimet  c8-  ■•-  ■'■--'■ -■   >-■■ :—-  -^ T„.',._.. 


trbe  made  to  hold  a 


ischarged,  by  drawing  a  trigger.     The  butt 
a^iTie  of  balls,  which  can  be  admitted  one  at 
hamber,  and  a  portion  uf  the  condensed  air  esinping 
iug  the  valve,  several  balla  may  be  projected  from  the  air-gun 
igaion,  but  in  this  caae,  as  each  diaDharge  fvitl  diminiah  the 
and  elasticity  of  the  remaining  air,  the  velocity  and  efimtive 
;e  of  the  balls  will  alao  progressively  decrease. 
From  what  lias  been  stated  relnlive  to  the  density  and  elasticity  of 
fair,  it  will  follow,  that  all  bodies  on  the  surface  of  the  earth,  aiiatawi. 
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■  pceaanre  from  the  auperiuciunbuDt  atnuwdiere  equal  td  fb 
oracnlnmn  of  water,  sbout  3S  feel  in  lieighl,  nitli  B  base  oon 
log  ia  eiunt  (d  that  of  tliH  body  or  bodiei  preascd  upon,  Tli 
■Urtj  any  be  estimated  at  from  14  to  13  pounds  on  every  squi 
of  BUrfnCB,  being  Ihe  weight  of  a  coluinn  of  mereory  30  inohi 
■ad  1  iDch  square  at  the  base.  Heoce  it  muiit  be  evident  lb 
bumui  being  ijunstsutly  ban  pressiag  on  the  body  in  everj  dir 
weight  equiu  to  15tiiuea  as  many  pounds  as  (here  Bres(|uaieii 
tlie  aurfacea  of  that  body .  Suppose  then  the  surface  of  a  mtui'i 
meaaure  SOOO  square  inches,  Ihe  force  uC  the  atmnsphere  pees 
that  surface  would  be  equal  to  SD.OOU  pounila.  It  may  Bpp 
BccoimlaJile  that  ho  vast  a  pri^BSure  should  be  perpetually  in  op 
irilhout  ODF  being  sensible  of  the  neigbt.  or  eiperiencing  an] 

which  tbe  force  acts  in  all  directions,  ao  tliat  the  body  ia  euppt 
the  piesBure  on  one  side  against  the  equal  preasure  on  that  t 

Spoaite;  and  it  is  only  when  the  equilibrium  ia  destroyed  byrc 
!  force  in  one  direction,  that  ita  efiects  become  percepiibl 
abown  by  an  experiment  pretioualy  described,  in  which  the  . 
exposed  to  atmoaplieric  pressure  by  placing  it  over  a  partii 
hauated  receiver.  All  the  cavitiei  of  the  body  a!ao  are  eitlx 
with  air  or  with  denser  fluids,  so  that  they  resist  corapteaaion  G 
external  air  as  perfectly  as  the  firmest  lolida. 

Some  idea  of  the  weight  of  the  whole  atmosphere,  encompuu 
mrth  on  every  aide,  may  be  formed  from  a  calculadoQ  which  b' 
niade  to  dolermine  wliat  laual  be  the  diameter  of  a  sphere  of  li 
weight  of  which  would  he  equal  to  that  of  tbe  entire  atmosphei 
from  which  it  appear?  that  the  sphere  must  have  a  diameter  of 
milea  in  leugth;  which  would  correspond  in  weightwitb  a  mass  < 
iofficieot  to  cover  Ihe  whole  surface  of  the  earth  to  the  heigbl  of 

It  is  an  iDtereBtiog  matter  of  speculation  to  what  hei^t  tin 
aphere  eiteuds  from  Che  surface  of  the  earth.  If  the  density  of  th 
■[^ric  column  were  uniform,  its  vertical  height  might  bereadib 
latedi  for  as  water  is  nearly  8^0  times  heavier  than  air  of  the< 
density,  and  a  column  of  water  34  feet  high  is  equivalent  to  an 
spherical  colama  having  a  base  of  the  same  extent,  it  ia  evident  i 
bei^t  of  such  a  column  of  air  ot  iin\(oTBiiCTii*")inMi».*ie8Si 
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Kmilei.  But  the  density  of  the  air  vsriaaat  diSerent  distance 
Bh  surface  of  the  eartb,  in  consequence  of  iw  elBsCicit;.  Air  i 
faneeived  to  oonsiat  of  innuTDprabJe  scrati  or  layers,  forming  ■  c 
■fa  ihell,  aarroundui!;  the  solid  globe  we  inhabil ;  nnd  the  lovest  stnM  1 
tlm  being  compTesaad  by  t!ie  whole  weight  of  the  fluperincumbent  1 
■MS,  inuat  oecBABBRly  be  mora  dense  tban  the  neit  above  it,  and  (he  J 
BvflttT  decreasing  in  proportion  to  the  increase  of  height,  or  diatonefl  j 
feom  the  earth's  surface, no  definite  limit  can  be  assigned  to  the  extent  j 
IK  tbe  atmosphere.  Cotaa,  in  his  Hydrostatical  Lectures,  baa  stated  ' 
■•  relative  denailj  of  the  atmosphere  at  different  beighta,  as  deduced  I 
■Mn  a  comparison  of  the  specific  gravitj-orair  at  the  common  lerel  of  I 
ps  earth's  surface  with  that  of  air  at  a  certain  elevation  as  sscartained  f 
ff  meUH  oflbe  barometer.  Thus  llie  rarity  of  (he  air  being  fou 
■Mater  at  the  altitude  of  seven  miles  tban  at  the  surface,  and  thenritt*  1 
■tbe  air  augmenting  in  a  geometrical  progresBlaD  while  the  allituiMI  J 
■bveaaea  in  an  arithmetical  progression,  it  will  follow  that  at  th 
■  14  milea  the  atmosphere  woddbe  16  limes  rarerthtm  at  the  surface. 
tH\  miles  64  times  rarer,  at  SB  miles  356  times,  at  3d  miles  10S4 
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qnoision.    Hence,  also,  at  the  alKtnde  of  500  miles,  if  the  air  i 
Uliniia  to  expand  at  the  same  rate,  a  cabic  incb  of  the  t 
tj  would  be  dilated  (brough  a  greater  apace  than  a  sphere  i^ual  in'   | 
Itneter  to  the  orbit  of  Saturn*  Tliis,  however,  is  a  purely  bTpotha- 
M]  estimate,  for  jt  ia  founded  on  the  presumed  infinile  divisibility  of  ] 
Kter.     The  observations  of  Dr.  WoUaston,  in  u  paper  laid  befors'  ' 
l^'Royal  Society,  •■  On  the  Finite  Extent  of  the  Atmosphere, "t  tend' 
tptore  that  air  consists  of  ultimate  indivisible  particleB)  and  tlie  ei- 
■niini  of  amedium  composed  of  such  particles  must  cease  at  t  cer- 
b  point  where  the  force  of  gravity  acting  downwards,  upon  a  single 
Miete,  would  be  equal  to  the  resistance  arising  from  the  elastic  or 
pnlaive  force  of  the  mei|ium.     At  such  an  altilade,  therefore,  the 


•  See  Coles's  HvilrostBticBl  ud  FncomaClcal  ljMftat>a.    %ee..  u(&.^ 
fAl^aacaofPaperaiD  Che  Philos. TraUB,,  viA.     JB-I*^— \''*- 
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In  making  OHlculatioDS  relative  to  tha  demity  of  the  si 
lici(;bti,  01  foiming  rulee  for  the  detenuiDatiou  oi  Uie  correBpoodeoce 
betfreeD  atmoapherio  altitude  and  preBsure,  foTpraetica]  purposes,  laoli 
HBlhemeasunngoffliniat^ncesbyiDSaaaoftheharuinetBrrBeveralcircfuk- 
stuiaeB  must  he  taken  iula  the  account.  Thus  it  ia  not  only  neceaaUT 
Cliat  the  eiaat  height  of  the  mercurial  coluum  at  different  lavetg  ahDold 
he  oscertaineci.but  due  regard  must  also  be  bad  (othe  influence  of  leiD' 
persture,  the  etTect  of  vepDur  Buapended  in  the  air,  and  thu  latitude  of 
the  eminence  whose  height  ia  to  be  determined.  The  indelatigaUe 
spirit  of  reeearchof  modem  experimental  philoEophers  and  metbema. 
iiciuna  has  triumphed  over  these  diOJcultiee  so  fat  as  to  have  ruroished 
ua  witb  general  principlea  and  formulx,  bv  the  applioalion  of  vbicli 
to  the  resDita  of  carefully  conducted  eipenmenta,  the  perpendionlar 
heights  of  the  principal  mountains  in  every  part  of  the  world  have  been 
dlacovered.  From  cslcnlationa  founded  od  the  barometrical  fbrmnla 
contrived  by  the  celebrated  matbematiciaa,  Laplace,  and  adapted  totba 
estimaliouDf  heig!ita,it  appeara  tliat  at  tlie  elevation  of  ZiS,986  mstrea, 
French  measure,  or  173,795  Engliafa  feet,*  the  rarity  of  the  air  is  equal 
to  the  utmost  degree  of  rarefaction  which  can  be  obtained  in  the  eahaual- 
ed  receiver  of  nc  air-pump.  This  maaifeatly  canuotbetheeitrame  aW- 
lude  of  the  atjnDBpheric  column,  nor  ia  it  possible  to  decide  that  poiDI 
with  certainty.  But  it  appears  from  tbe  observations  of  antronomen 
on  the  duration  of  twilight,  and  the  niitgiiitude  of  the  ahudovr  of  ibe 
earth  by  which  the  moon  ia  eclipsed,  that  the  raya  of  light  from  ibe 
■ua  are  affected  by  tlie  medium  through  which  they  pass  at  ihe  dia- 
tance  of  from  40  to  50  miles  from  the  earth's  surface  *,t  and  Ibetefore 
it  may  be  reasonably  inferred  that  the  atronspbere  oxteuda  to  the  alti- 
tude of  at  least -Id  miles  above  the  level  of  the  aea. 

Tha  pressure  of  the  eir  arising  from  the  joint  effect  of  elagtjoity  wd 
weight  ia  the  cause  of  a  great  number  of  phenomena  constantlj  taking 
place  around  us,  and  immediately  depending  on  tbe  operations  of  na- 
ture or  art.  It  ia  thus  that  the  effect  of  ibemBlrtuaentcttlledaencker. 
used  by  Bchoolhoys,  is  to  be  explained.  It  conaists  of  a  disk  of 
moistened  sole-leather,  with  a  string  by  which  it  may  be  suspemled 
with  any  weight  attached  to  it,  and  as  its  amootb  moist  aui&ce  nuijrli^ 
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prened  ao  closely  against  tlju  flat  aids  of  a  alone  or  other  body,  til 
tliSBircniinotiinterbetwQi'n  them,  IliB  weight  of  the  Htmoaphi 
il^  on  tlia  upper  surface  of  the  leather,  makes  it  adhere  so 
tnt  ■  Btood  of  weight  proportioned  to  the  eiteaCof  the  disk  i 
mtf  be  raiaiid  by  lifting  tlie  siring.  If  the  sucker  could  act 
tfwt,  a  disk  tta  inch  square  would  support  ths  weiglit  of  shout  l4  I 
(he  prBL-(icsl  e9'ect  of  the  tiiBtrument  must  be 
at  MipposiDg  it  lo  be  sccutately  constructed. 
I  Wlieneret  surfaces  are  brought  into  such  close  contact  that  the  i%  I 
ate  ilaelfbotween  them,  they  will  Iwpreased  together  w^.B 
Kibrce  corregpondiDg  to  the  extent  of  tlie  surtoce  of  contact.  Henet  fl 
'  la-grinders  and  polishers  of  marble  find  tlist  the  substances  Mi  V 
*]  they  are  operating  by  Iriction,  wlien  reduced  to  a  stala  of  1 
ilhnesa.  become  united  by  atmospheric  presBUie  so  fimitf  f 
It  great  eiertioii  is  required  to  separate  them,  nod  tlie  circnmscimw  I 
btbecnuse  of  conaiderable  incoDveDieiice, 
[  The  adbasionofanails, periwinkles,  limpets,  and  some  otbn' Di 

Dua  BnimaU,  lo  rocks  and  stones  is  effected  on  the  same  priociplQ  J 
le  Burboes  of  their  shells  nt  the  opening  are  capable  of  being  exaoflf  f 
id  to  any  pi  line  surface ;  theae  animals  hare  the  power  of  produeiii|| 
luiim  within  iJieir  shells  when  tliiis  fixed,  and  the  atmosphere  COn- 
antly  presses  on  them  wit)i  a  force  proportioned  to  the  extent  of 
ioc  sorlace.  ll  ia  thua,  too,  that  s  commen  house-fly  is  enabled 
Id  run  with  great  facility  up  a  perpendicular  pane  of  glasa,  or  on  the 
lide  of  an  borixonCal  plane,  aa  theceilingof  aroom.  The  feet  of 
Kt  are  provided  nith  cavities,  llie  sides  of  which  being  adapted 
surjace  of  glsas,  tec,  by  soma  intanial  merhaniam,  the  cavities 
'e  exiiausted,  and  the  pressure  of  the  atmosphere  on  the  minute  sur- 
'let  supports  the  insect  gainst  the  power  of  gratitation, 
mall  animals  may  be  thua  sustained  will  probably  appear 
IS  extraordinary  than  that  a  similar  power  of  running  up  a  perpen- 
onlar  plane  ahonld  be  possessed  by  a  much  larger  creature.  But 
ir  Everard  Home,  who,  by  means  of  microscopical  observations  as- 
structure  of  the  fly's  fool,  aa  connected  with  ita  mode  of 
BtrcgTeasioD  on  walls  and  windovrs.  also  iavestif^aCod  the  anatomy  of 
|lbe  fool  of  the  Lacerta  Gecko.  »  kind  of  lizard,  found  in  the  island  of 
1,  whicb  walks  up  and  down  the  smoothly-polisbed  walls  of  the 
pnesehouaes,  pursuing  the  fliea  on  which  it  fHeda,taAi.\ 'ra,'D%>i\- 
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wards  to  its  retreat  iu  tbe  roofa  of  bonses,  though  its  welglit  is  some- 
times 5i  annces.  It  hus  on  each  tool  &re  toes,  aail  en  the  under  Mf 
of  ench  of  theaki  are  sixteen  IransTerae  slits,  with  semled  ed^ea,  and 
pouches  beln-een  tham,  by  means  of  which  the  animal  is  enabled  U 
forni  n  vacuum  witliio  the  cavities,  produced  bjlhe  apptiuttoa  of  ItM 
loose  tuemhrunes,  surroUDding  the  under  sartace  of  the  toes,  to  a  Wall 
or  any  othec  smooth  pJane.*  Nunire  has  prnvided  Boimals  of  fsi  in- 
perior  bulk  to  this  lizard  with  a  similar  oi^snizstioD,  sod  for  tlie  snma 
purjioae.  Sit  £.  Home,  from  nn  examination  of  a  specimen  of  the  sm- 
phibioua  marine  inimsl,  called  by  nscurslista  the  Wnlrua.  brougbt  to 
England  by  ships  from  the  Arctic  regions,  discorered  that  tbere  is  an 
analogy  in  structure  between  the  hind  foot  of  the  walrus  and  the  fool 
of  tlie  fly ;  ao  tlmt  this  large  clumsily-sliaped  animal  is  enabled  to  pro- 
ceed upon  the  smooth  surface  of  ice  agsinst  gravity,  by  the  adhesion  of 
the  feet  owing  (o  atmospheric  pcessare.l  'lliaae  who  are  but  sligbdy 
acquainted  with  natural  history  cao  bardly  he  iguorant  of  the  faci^ly 
belonging  to  the  fish  called  Remora,  which  fiifls  itself  firmly  to  the 
aide  of  a  ship  or  to  that  of  a  larger  fish,  aa  a  shark  ;  and  thus  it  tntTeb 
without  the  exertioQ  of  swimming  tiom  one  part  of  the  ocean  l» 
onolber.  It  has  a  sort  of  sucker  on  its  head,  by  the  applicaliaD  of 
which  it  beoomee  attached,  the  pressure  of  the  surrounding  wator 
bftving  thfi  saiiie  effect  in  this  case  as  that  of  Ihu  air  iu  those  pre- 
viously noticed. 

Among  the  eiperimenta  whicU  have  been  devised  lo  demonstrote  the 
elastic  pressure  and  weight  of  the  atmosphere,  the  following  are  well 
adapted  to  the  purpose : 


k 


Take  a  quart  bottle  and  drill  several  holes  in  tbe  bottom,  diSD  J 
in  a  wide-mouthed  jug,  and  having  filled  it  quite  full  of  water,  M 

gecnrely.     On  lifting  it  from  the  jng  it  will  be  found  to  hold  w 

notwithstanding  the  perforations,  the  pressure  of  the  atmospbere  pT«- 
Tsnting  its  escape  ;  as  will  appear  an  taking  out  the  cork,  when  tl« 
water,  being  equally  pressed  above  and  below,  will  run  out  ihcouj^. 
the  holes  till  the  bottle  is  emptied. 
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wiuc'glHsa  filled  irith  irBter  may  be  lield  with  llie  moul])  d( 
La  withaut  flpilling  a  drop.  Tbe  means  by  which  thi 
I  Ingly  msrvelloos  effect  U  pFiHlnced  are  extiemely  simple,  ii.  u 
I'  tOmlf  nMessary  to  place  a  piece  of  paper  on  the  snrfattp  of  the  water 
r  irith  whiob  it  must  be  ereiy. where  in  coniact,  am!  also  with  the  lim  of 
r  Ae  g-baa,  which  is  then  to  be  inverted  ;  and  as  tlie  airconnnt  getin  to 
";  on  the  liquid  above,  its  preasure  is  exerted  against  (lie  under  «qli 


V  be  filled  with 


tb  table,  the  paper  is  to  be  withdtawn,  and  the  water 
,  ended  in  the  glasa-,  which  will  adhere  cloaely  to  the 
table  from  the  [iressm-e  of  the  atmosphere.  Any  one  may  now  bo  safely 
.  dullenged  to  lift  the  glass  vertically  without  spilling  every  drop  of  the 
'mter;  Tor  il  would  require  some  exertioo  to  move  the  i^lass  at  all  up- 
'  mrdB,  aod  as  soon  as  it  was  elevited  on  one  side,  the  included  water 
vould  sink  down  and  eacape. 

n  consequence  of  the  unieatrained  preasnre  of  the  atmosphere 
fint  liquor  will  cat  flow  from  acaijlc  after  it  bus  been  tapped  or  pierced, 
Snlass  enotheF  opening  br^made  as  a  vent-liolein  the  upper  purt  of  the 
■alt :  for  till  this  is  dona  the  force  of  the  air  pressing  on  (he  mouth  of 
be  Cap,  bsviag  nothing  to  countoTbalance  it,  would  suppatt  a  calumu 
(  liquor,  if  the  cask  was  air-tight,  the  height  of  which  would  be  pro- 
Mrtioaed  to  the  specific  gravity  of  the  liquor.  When.h 
b  onabled  I 


ingh  ibe  vent-hole  above,  the  pi 


e  eflect  of  its  own  weight.     'I'he  operation 

Kf  be  observed  in  using  a  tes.poL;  for  there  is  alwavsasmallho: 

e  lid  through  which   the  air  enters,  and  without  wticV  file  '^ 
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inSuPDce  of  ntmosplieric  pieunra  acting  irregulsriy.  Ttie 
D  eupplj  of  wDter  Irom  ivelli  ind  faimtaiai  during  a  finst  i 
(iiringio  thiscnuBs;  forlbe  frost  does  ocit  eiiend  farbeaesll 
face  of  the  nrtb,  bul  it  <iiinsaIidateG  it  bd  as  to  pmrent  the 
■ir  10  the  chnonels  of  water  bom  which  tbantains  uid  wdla  an  ftd, 
Bnd  ihuB  the  ntmMphere  jiressing  only  on  the  open  well  nrsTenta  At 
nuter  Ironi  entering  it  as  usoal,  bll  a  thaw  taii^a  place,  and  the  gmmd 
again  becoming  penions  to  the  air,  it  acta  on  the  feeding  Bpringa,  and 
the  water  lises  in  the  well . 

The  instrunienl,  called  in  French  Tate-liqueur,  or  Clwi- 
^  tepleur.  and  that  used  in  filling  eaaonte-bottles,  act  on  tiie 
I  prinaiple  of  ilmoBphetie  preasure.  Their  oonBtmctuui  and 
effect  will  he  readily  apprehended  from  inspection  of  theiD- 
neied  ligare,  wbich  represents  a  Email  conical  tobc^  A  B, 
open  atbotb  ends;  and  vrben  in  thia  BtBt«  the  lower  cniflM 
la  plunged  heneath  the  auriace  of  any  U()Did,s  portion  ofll 
irill  enter  at  A,  and  till  that  part  of  the  lobe  AC,  whi^ii 
iouneraed  in  the  liqoid ;  if  then  the  Dpper  eitremitr  B  ba 
closed  air-tight  by  placing  the  thumb  oier  it,  the  tuba  maj 
bfl  lifted  out  of  the  liquid,  snd  the  pressure  of  the  mrbahw 
will  prevent  it  Irota  escaping,  till  the  tbomb  is  remored, 
tad  the  air  tliua  Bllowtd  to  act  on  tiie  sui-fsce  of  the  liquid  iit  C.  Th« 
leneth  of  the  tube  to  raise  water  in  tbia  manneFmigfat  obviously  Im  h- 
tended  to  more  than  SO  feet;  as  the  height  of  the  liquid  column  wliicli 
the  atmosphere  would  keep  auapended  would  he  greater  or  leaa  ac- 
cording to  its  specific  gravity.  Such  iDstniments  of  a  moderate  lengib 
Are  conveniently  applicable  to  the  purpose  of  withdrawing  a  amill 
quantity  of  any  liquor  through  the  bang-hole  of  n  cask. 

Tbo  Siphon*  affords  another  illuatration  of  the  principle  under  discni- 
alnn.  It  ia  employed  for  the  purpose  of  decanting  or  drawing  off  li. 
qaors,  and  is  variously  coaatructed.  If  an  open  tube  of  smaU  diamelei. 
bent  into  the  shape  of  the  letter  V.  be  filled  with  water,  and  the  emrveil 
aide  turned  upward,  the  liquid  will  be  auspended  by  the  pressure  of 
the  air  on  the  open  eitremitiea,  while  (be  tuba  is  held  in  such  a  positiao 
that  the  column  of  liquid  in  either  leg  shall  be  exnotlj  of  the  aamf 

•  Pruni  tbe  Oreek  Sitfuiv,  a  tube.  ^^H 
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he^flit;  bat  if  the  tube  be  iatlined  at  oae  side  nun  than  tha  oUier,  ao 
an  to  destroy  the  equilibrium,  tlie  water  will  run  doim  nod  eicapa 
tbrough  lliat  end  nhicb  it  at  the  lanesi  level.  So  if  a  cDrnmon 
npboa,  or  beat  tube  with  one  aido  longer  thui  the  other  bo  filled 
with  water,  Hud  inverted  or  beld  with  tbe  open  ends  dowuirard,  the  at- 
mospheric projfiure  actiog  equally  on  both  lidva,  and  the  Uijuid  co- 
lumni  being  unequal,  the  water  will  escape  through  the  longest  leg, 
btling  in  virtue  of  ita  own  spaaiSc  gravity.  Dutir.irbeD  9ucb  aiipboD 
i*  filled,  its  shortest  leg  be  plunged  beneath  the  surtaoe  of  water,  not 
only  will  tba  liquid  all  run  out  ut' the  longest  1^,  but  it  will  Blaorisaio 
■he  shorler,  and  be  discharged  trom  the  other  in  a  continued  eUeam, 
till  it  sinks  below  the  open  end  ot  the  shorter  leg.  ir  the  sii)hon  be 
uoed  without  previously  fillingit  with  the  liquor  to  be  decanted,  thougii 
Lbe  liquid  will  risu  in  tlie  shorteileg,  it  will  not  ssceud  beyoud  its  own 
'  '  ~  '  paai  over  the  bend  of  tbe  tube,  and  escape,  unless  the 
It  of  tbe  longer  leg.  Hence  the  utility  of  tliat  kind  of 
'  '  '  lbe  mirjiiu,  Uie  peculiarity  of  which  entirely 
consists  ia  tbe  addition  of  the  tube  C,  open  at 
tlie  upper  end,  and  commnnioating  below  with 
the  longer  leg  of  the  siphon  B.  The  shorter 
leg  A  then  being  plunged  iota  the  bung*  hole  of 
a  cask,  or  into  any  o^er  vessel  conlaiuiiig  li- 
quor, the  opening  B  is  to  be  stoppnd  witli  the 
band  or  otherwise,  and  by  suction  at  C,  the 
liquor  may  be  made  to  pans  over  the  b«nd  and 
litl  the  leg  B,  when  being  sufTered  to  eecape, 
it  coatinoes  to  flow,  SB  long  as  tbe  extremity 
A  is  immersed  in  it.  Large  aipbons  of  Ellis 
sort,  made  of  copiier.  and  furnished  with  u 
stop-cocl.justaliove  the  opening  B,  may  often 
I  the  streets  of  the  metropolis ;  being  used  by  the 
merchants'  Berninia  to  draw  off  spirits  without  re- 
ig  from  the  cart  the  cask  in  which  the  spirits  bare  been  brought 
the  vender's  collar  or  distillery. 
s  Wirlemberg  Siphon,  shown  in  the  following  Ggui 
with  liquid,  will  remain  ao,  and  hence  may  he  huD 
ready  for  use.     One  leg  A  being  plonged  into  ■ 
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[quid  to  be  draivn  off,  it  vill  eacapG  Ehrou^b  tbe  op«s 

",  in  consequence  of  tbe  vdditionul  pre>- 

iquid  iu  tu«  Tess«t  at  A  ;  tLus  il  will  ip- 

jiest  that  tliia  siplion  acta  somewhit  differentlj'  (Ton) 

tliOBe  of  the  commcFD  conBtructian.  though  il  ia  appli- 

Tantalus's  Cup,  or  the  Magica)  Goblet,  ia  an  amnt- 
iug:  philosopbicid  toy.  which  conaiats  of  a  cup  with  a 
cavity  at  the  sides  or  bottom,  or  both,  with  wbich  Iba 
longat  leg  of  a  siphon  commnnicBtos;  so  thit  when  water  is  poured 
into  the  cup  high  enough  lo  oTeTCDme  the  preseure  of  tbe  air  on  tb« 
end  opening  into  the  CBviCj,  the  liquid  will  sink  in  the  oup,  and 
run  into  the  cavit;;  aad  tliua  it  onu  never  rise  bo  high  as  the  mouth 
of  the  fiuura  within  Khich  the  ei;ihon  ia  concealed ;  and  the  olsarinl 
fable  of  Tantalus  is  realiied.  There  muat  he  en  aperture  near  the  rim 
of  the  cup  to  admit  air  into  the  cavity,  or  rather  lo  luffer  il  to  escape, 
and  by  closing  it  with  the  finger,  tbe  cup  may  he  filled  to  the  biim  ; 
hut  aa  BOon  as  it  is  unclosed  ihewDterwill  sitik  as  before.  Ifa  hollow 
handle,  communicating  with  the  lateral  cavity,  be  6tled  to  Ihe  cup,  tbs 
hole  may  be  ao  placed  M  tbe  inner  side  ot  tbe  handle  as  to  eacape 
notice  i  and  the  effect  will  appear  astonishing  to  those  uuacquiiinIM 
with  the  theory  of  atmoBpheric  pressure. 

iccouDtobie  irregulaji^  of 
regarded,  in  dark  ages,  as  miraculous,  asd 
have  given  rise  to  abundance  ofauperstitions  among  the  common  people. 
There  ia  a  remarkable  spring  of  this  kind  called  Ley  well,  near  loHwy, 
in  DevonE^hire;  and  tbe  peculiarity  of  tliis  and  other  intermitting  IbwD- 
tains,  mHy  be  aatisfaclorily  shown  to  arise  from  tbe  operation  of  aiphoM 
formed  by  nalure,  conimunicatiog  with  suhterraneoua  raaervoira.» 

Tbe  aipbon  may  be  made  available  for  the  puipose  of  oonv^'iag 
water  over  tbe  aide  of  a  pond  or  reservoir  iato  another,  provided  (k* 
latter  is  on  tbe  same  or  a  lower  level  (ban  tbe  fonner.    It  was  tint 


tJ  Oftitiaral  Fliiloaoph!,  B' 


r.  Gough,  ofKeodBl, 
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veiy  iagenioasly  applied  bjH  Fiench  engineer,  M.Giripuy,  in  i7T6, 
lo  iianhurge  tbe  tturplus  quascitj  of  water  fiom  lbs  canal  of  LangueJoc. 
vhea  it  lull  beea  raised  ibovH  ibe  praper  level  by  t)ie  influx  of  mtar 
at  IhomoQtb  of  the  river  Garonna  during  a  atonn.  Wlienerer  water  is 
GOUf  eyed  by  pipes  from  a  bigber  to  a  lower  leiel.  orer  an  intervening 
ouiiiBDce.  the  principles  on  wbich  tbe  sipboa  acta  must  be  adopted  ; 
and  thus  neter  may  be  made  to  pass  over  en  j  height  not  much  exceed- 
ing 30  feet.  It  is  thus  conducted  Tram  Lochend  to  Leitb,  near  Edin- 
burgh, through  pipea,  the  intermediate  ground  being  8  or  10  feel  above 
the  {buiitain  head.  It  is  necesaary  that  lbs  water  ahould  be  driven 
IB  the  £rst  iustatice  beyond  tbe  most  elevated  part  of  the  pipe  by  a 
foroing'pump,  and  it  then  continues  to  flow  by  the  influence  of  atnio- 

WBter,  will  be  gradually  eitricated  from  it  at  the  bend  or  higliest  part 
of  the  pipe,  it  will  at  leagtb  there  accumulate  eo  us  to  stop  the  Dux  of 
tlia  wslar.  When  tbia  happens,  the  Corcing'pump  must  be  worked  to 
raiMtr  the  current. 

From  wbal  has  been  stated  with  regard  to  tbe  aiphon,  it  follows 
that  it  con  only  be  used  for  tmnafeiriiig  liquida  from  higher  to  lovrer 
levels  i  iberelbre  when  water  or  any  other  lit(uid  Ja  to  be  raised  by 
mBViB  of  BKuoapheric  preaaure,  aome  kind  of  pump  must  beemgiloyed. 
Ptuopa  aievnriously  constructed.  The  ma^nal  figure,  p.  S94,  repr»- 
nntt  Ihtf  common  auction-pomp,  which  Is  nothing  more  than  a  syringe 
IM  eontrived  that  the  water  drawn  into  it  pasaea  tlirougb  the  piaton  by 
■leaiia  of  s  valve,  and  is  discharged  above  it,  instead  of  being  again 
Ibroed  out  below.  Tbe  invention  of  this  instrument  is  attributed 
Ik  Vitruvius  to  Ctesibius  or  Ctenebes,  an  Athenian  engineer,  who 
bved  at  Alexandria,  in  Egypt,  about  the  middle  of  the  second  century 
bnbre  tlie  Christian  era  i  and  thecoostruction  of  s]|ringes,  fire-engines. 
■bI  other  machines  acting  on  aimilai  prinoiplea  la  descHbed  l^  hifl 
•oholir  Hero,  in  a  treatise  on  Pneumatics,  elill  eiiaal. 

Tbe  luction-pump  cousiats  of  two  hollow  cylindrie  pipes  A  and  K, 
-tfaelUtar  of  which  uau  ally  terminates  below  in  aperforated  ball,  Ihrougii 
irbidt  the  water  in  the  well  entei-s  freely  into  tbe  suction-pipe  ;  and 
D,  opening  ap wards,  and  affording 


opening  upwards,  it  permits 
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water  to  pBSa  above  JC  and  be  disciurpil 
nt  tlie  ipoul.  XoiE  suppose  the  pUloalo 
be  at  Ibe  biitlooi  nf  the  barrel  in  eouuel 
trilh  tbeiHlve  D,  on  lifting  tliefbimub<r 
depreasiag  the  lever  handle  of  the  piunli, 
conaectsd  with  the  pision-rod  at  F,  On 
valve  C  will  be  closed  by  the  ptesnM 
of  the  air  i^ve.  and  a  vacuum  being  Ibui 
formed  in  the  barrel,  the  snme  pi 


of  the  water  in  thewdl, 
ap  the  fluctioD-pipe.  Hud 


taking  full 


.  Taiaing  therotTe  I),  the  water  ir^ea 
theexhauated  barrel, whence  bydepraift' 
ingtheiiUton.tliB  valve  D  will  shut,  mi 
that  at  B  rising,  the  water  will  pass  ly 
words  aad  be  discharged  tbrougfa  IM 
spout.  The  first  effect  of  workiog  anch 
0  pumpmintbetoform  a  partial  vacaam 
in  the  barrel  of  tbe  pump,  and  the  njipn 
part  of  the  pipe  E,  and  it  will  be  onlyafterthewholeofiLa  included  wV 
in  expelled  Ibrougb  the  piston -v alia,  and  replaced  by  water  in  tlw 
■  t  the  liquid  beRins  to  flow,  the  atmoapheric  pressure  below 
"  '  I,  while  the  equivalent  pressure  above  ia  couuteraeteJ 
irce  applied  to  the  bandle  of  the  pump.  The  suctioa- 
pump  cannot  raiaa  water  beyond  the  extent  of  action  of  atraosphnit 
pressure,  the  utmost  limit  of  which  will  be  about  34  feet ;  so  that  tlw 
height  of  the  valve  D  above  tlie  level  of  the  water  in  [lie  well  mut 
never  exceed  that  distance  ;  and  unleas  the  pump  be  accuratelj  eat- 
Btrncted.so  that  ttie  piston  in  its  descent  (its  close  to  the  bottom  </A< 
hHrrel,  ao  as  to  form  a  perfect  vacuum  in  its  ascent,  the  water  will  iM 
rise  to  the  extreme  height  in  the  suction-pump.  It  must  appear  Boae- 
what  paradoxical,  that  rhough  this  will  be  the  effect  when  the  pump  is 
in  the  best  working  order,  (he  valves  and  pipes  being  air-tight,  J»l  • 
pump,  the  suctiou-pipu  of  which  has  been  damsged,  an  thut  »  and 
quantity^  of  air  can  enter,  will  raise  water  uearly  ss  bigh  again  as  > 
Ifood  pump.  A  tinman  of  Seville,  in  Spain,  ignorant  of  the  pTiaohte 
of  sDieno«,  undertook  to  conatruct  b  Buctiou.pump  to  raiso  water  BM 
»  irell  60  feet  deep;  when  tlie  macbiue  was  finished,  ba  WH 


ater  M    | 
w«««.    I 


orkirf  (bo  pump 
.0  forciblr  aa  to 
)  bis  Borprise  and  deligbt  tbs  water  Hlmoat  iannedi- 
Myliegfui  t(iflow,anii  he  rouad  tbat  be  bad  tbus  attained  bia  purjioae. 
"is  happened  about  17fi6,  wben  M.  Lecat,  a  celebraled  surgeon  ihea 
"        "  'n  Normandj,  being  informed  of  it,  made  a  eimilar  ei]ierim<    " 
I   iiD  >  pomp  in  bis  gtirdeo,  by  boria^  a  ismatl  hole  in  the  suation-pi 
fflfeet  abcTe  the  level  oftbe  water  in  the  ciatem,  nadliSTing  udap 
to  it  a  atop-CDck,  lie  found  tbitt  nben  it  was  open  tbe  water  rould 
fiwhu^  St  tbe  heigbtof  55  feot.  instead  of  from  30  to  34  as  before.* 
Tbe  circamBtnnne  admits  of  an  obTioua  oiplanntion,  tbe  effect  bein^    1 
milogoiu  to  tbat  exbibited  hy  jtli-d'taa,  wli«n  air  is  mingled  witb  the 
MMnaing  column  of  liqnid.l'     Thus  m  tbe  case  of  tbe  pump,  tbe  air 
n  througb  tbe  ^it  or  apertuie  in  tbe  suclion-pipe,  and  becom- 
' '      '  *      its  ascent,  forma  a  compound  fluid, 

far  lighter  [haDwnterflloae,  andlbere- 
fore  acted  upon  by  atmoapberic  prea- 
idily,  and  thus  it  pro  duces 
BUod  desatibed.     How- 

■tboda  of  n 

noticed  ia 

Tlie  Ufting-p' 
in  tbe  margin,  acm  m  mnc 
manner  aa  tbe  preceding,  b 

boliow   cylinder  or  h  .^    

wbich  ia  filed  tberalreG,  a  little  be- 
low (he  level  oftbe  water  in  tbe  well 
or  reservoir.  A  piston  F  witb  a  valve 
opening  upwards,  fits  into  tbe  lowfr 
part  of  tlie  barrel,  in  wbiab  it  is 
moved  venicnlly  by  means  of  the 
frame  D  C  D  £,  connected  iritb  Ula 


^^^-^.■•-^VC^ 


ic  Pbya..  1,  111,  lip. .838,  239. 
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i  pUtoD-valvfl,  and  the  nflter  will  rise  U>  the  saiuti  height 
witliin  the  barrel  as  without ;  and  on  UHIug  the  piaton,  its  valve  F 
H-ill  cloae,  and  the  water  above  it  will  be  diiven  by  the  opening  of 
tlie  valve  G,  into  the  upper  part  of  ibn  barrel :  then  tbe  piston  being 
depreaied  again,  the  valve  F  will  open  to  admit  more  water  into  the 
lower  part  of  the  barrel,  while  that  above  will  be  preionted  from  r» 
turning  by  the  closing  of  tbe  valve  G  ;  and  thus  by  continued  noTking 
of  the  piston,  the  wstei  will  rise  in  (he  barrel  till  it  escapes  by  Iheapout. 
In  both  the  auction-pump  end  the  lifting-pump,  the  water  wili  be  dis- 
charged by  jeta,  unless  a  kind  of  reservoir  is  made  by  the  enlargement 
of  the  barrel  above  the  spout,  in  which  case  it  may  be  made  to  flow  in 

—  1  straain. 

The  Forcing-pump  is  oootber  form  of  this  useful  ma- 
chine, combiniui;  ill  a  great  degree  the  propertieB  of 
thoae  already  deacrihsd.  It  is  composed  otn  hollow 
cylinder,  the  lowerend  of  whifh  dips  into tlie  waterings 
well  i  just  above  the  valve,  in  the  upper  part  of  this  cy- 
linder, B  lateral  pipe  brsnohea  off,  having  at  a  short  dis- 
isQce  from  its  origin  another  valve,  botb  vslvea  open- 
ing upwards  i  iind  in  tbe  upper  pnrt  of  tbe  cylinder  or 
barrel  ia  a  aolid  platen  or  plunger,  moving  air-dgbt 
vertically.  Now  if  the  piston  be  depressed  to  the  lowai 
valve,  and  then  raised,  that  wili  open,  while  the  volva  in 
thelnterBl  |iip«  remains  closed,  and  the  pressure  of  the 
aOnospliere  on  the  water  In  the  well  will  cause  it  to  rise 
a  liitle  andeipel  a  part  of  the  air  through  the  lirsi  valve  ; 
the  piston  then  being  lowered  that  valve  will  close,  and 
the  air  above  it  be  eipelled  tbrough  the  other  vrive; 
thug  every  elevation  of  the  piston  will  make  the  watai 
o  the  cylinder  till  it  hae  expelled  all  the  air,  and  it  will 
consequently,  at  the  next  tilting  of  tlie  piston,  pass  above  the  first  valve, 
and  the  piaton  being  again  lowered,  as  the  liquid  cannot  dtvceod.  the 
reive  being  olosad,  it  will  be  forced  into  the  lateral  pipe,  through  iH 
raire,  sad  ss  it  is  prevented  from  reluraing  again  by  that  valve,  il  will 
coBtioue  to  ajcanii  with  ovory  down-awoVe  o(  >iia  vvwoii,  raid  may  thui 
braised  to  aay  heigJit  required,    loa^wm^ot  *iiaViw)L,*iKmtw». 
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(DtermittiDg,  unleu  there  be  a  cistetn  abore  the  flpaul,  to  form 
lot  wHtsr  which  niaj'  act  by  bydroaWtic  preasuro ;  or  the  male 
kay  be  mora  eSectually  attained  by  closing  Uie  force-pipe,  i 


liM  passed  the  v 


the  aarftoe  of  the  « 
pen  tube,  fitting  air-tight,  enter' 
ar  extremity  plunged  beneath  the 
<of  the  water,  that  liquid  will  he  drirea  up  it  by  the  presante  ol 
kded  tir,  and  form  a  itt-d'tau,  or  flow  in  s  regular  stnnm, 
be  Is  the  dispoaition  of  the  spout  or  mouth-pieoe. 
Ffre-engine  u  a  modifioation  of  the  foroing-pump,  congiating 
lAy  of  two  worliiDg  bonala,  like  anair-pamp,  but  fitted  with  wilid 
i  and  valvea  corresponding  with  those  of  the  forcing.pnmp ; 
U  water  is  drawn  from  any  leserToir  or  other  sonrce  of  aupplj, 
^telled  into  a  stroag  air-chamber,  from  the  upper  part  of  whicb 
k  tube,  baring  its  inferior  eitremity  dipped  under  tlie  nurtace  of 
Ik,  which  is  &us  driven  through  it  by  the  pressure  of  the  con- 
^r-  The  tube  just  mentioned  may  be  conDected  with  the  part 
Hera  the  air-chamber  by  a  univeraal  joint,  and  thus  its  ei- 
;  maj  be  oonvenieutly  turned  to  throw  water  in  any  direction ; 
E*  more  usual,  it  may  have  Htt«d  to  it  a  fleiible  leatbern  pipe  or 
1^  means  of  which  the  stream  mny  be  conducted  to  any  ipol 
tf  may  be  made  to  act  with  the  greatest  effect. 


,U»s  whicli  reguUte  the  ascent  and  descent  of  floating  bodies 
IMn  generallj  elucidated  in  treating  of  apecilic  graTity,  as  con- 
lArith  the  science  of  Hydrostatics.  It  was  there  demonstrated 
pids  differJDg  in  densiiy  when  placed  in  coatact  would  assuma 
■BgameDt  depending  on  their  relative  weights  or  dausities,  the 
|K  always  sinking  to  the  bottom  of  the  cunlaining  vessel,  and  Iha 
ifloatiiig  St  hei^^bCs  corresponding  to  duiM  vetf^\s.*    %>Jii&&> 
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■tanding  shoie  il,  then  on  drappin^  into  it  a  piece  of  iron,  Uie  lotid 
melB)  would  be  seea  to  Tnll  tlirough  tha  upper  Etralum  of  tbe  liqidil 
inwB,  and  stop  st  tbe  surface  of  the  lower  stiatom,  bb  consistiii^  of  ■ 
malallio  fluid  mors  dense  than  the  aolid  melBl.  An  analogous  eft« 
might  be  eihihited  with  gases  of  differeut  deDaities.  If  a  quantilj  of 
cwbonio  acid  or  fiied  air  were  to  ba  poured  into  a  large  glaaa  jar,  «>■■ 
to  Gil  the  lower  halfof  it,  the  upper  part  of  Ibe  jar  would  be  occnpM 
by  atmospheric  air,  ai  the  lighter  of  the  two  fluids  ;  ind  auj  bodiM  tf 
■pecific  gravity  intermediate  to  these  gnBea,  as  soap  babbles,  b^e;  M 
loose  over  the  jar  would  ftll  through  [he  upper  stratum  of  gas,  n^  he 
uresied  b^Ihe  lower,  ou  the  surface  of  which  tlie;  would  float,  jnita 
H  cork  would  float  on  water. 

A  great  number  of  subslancea  of  various  kinda  areEospeaded  in  tha 
BtmoEphere  within  a  moderate  dielauce  from  the  surlace  of  the  eaitt; 
some  of  them,  in  consequence  of  their  exireme  minntenesa,  belong 
lo  the  clesB  so  picturesquely  tleacribed  bj  Shakspeare  as  '■  ifae  mOMi 
that  people  the  sunbeam.'"  These  floating;  corpuscules  appear  to  be 
numerous  in  proportion  to  the  best  of  the  air;  and  hence  Chejare  mack 
less  freqiienl  in  winter  than  in  aummer. 

"  We  are  ignorant  of  the  precise  nature  of  this  line  powder.  Per 
hppB  it  tnay  he  B  mijiluro  of  inert  matter  Mtremely  divided,  with  tb 
exquisitely  small  germs  of  various  species  of  organized  bodies,  As  Ihf 
eggs  of  insects,  the  seeds  of  plants,  and  likewise  the  fecundaling  pow- 
der from  the  stamens  of  flowers.  It  is  in  fact  known  from  the  ohaeiw- 
tioDS  of  nalnralisls,  tliat  under  many  circumstances,  animnlculeB  ml 
nuDUte  vegetables  of  diflerent  species  become  developed,  ihougli  ita 
impossible  to  perceive  the  gerrag  from  which  they  are  derived.  Uit 
certain,  also,  that  flowers  furnished  witli  pistils  only,  (female  flowsTii 
as  those  of  the  date  palm,)  are  fecundated,  nnd  bear  fruit,  thougli  th* 
(male)  plants  furnished  with  aiamens  are  found  at  Considemble  dis- 
tances, and  even  separated  from  the  othera  by  vast  tracts  of  oea.  AD 
tbete  obsetvalioiiB  lend  to  confirm  the  hypotbesia  of  the  traosmuto 
o/'feiros  and  fecundating  pomiera^i^  ineim*o(  Iha  atnioaphere.  to- 
deed  H-p  take  narurein  tbe  fact,  ua  it  ■were,  miet-m™.^  cvw.TO»aBM«-. 

auaplumoae  er  tufted  Mada  »ie  treop™*-)  •J«*"»a-*^«^'^ ■<«*-«. 
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41  (hoH  of  tbe  lettuae,  the  daaclelicia,  and  otliers,  with  ohich  cluldren 
^Hiieliiiies  amuse  tliemsal  »ea.  And  it  mai^  ba  pereaived  tbat  the 
of  mauj  apeciaa  of  TB[^Uibies  are  furnished  with  delicate  mem- 
unueB  or  wlugB ;  DS,  for  inetaace,  ihoae  of  tljti  &r,  tlie  elm,  tic  ,  whiBii 
uem  lonaed  eipreanly  in  order  thai  the  wind  may  raiss  them,  bo  that 
thsj  may  be  tranaporled  in  all  direcliona,  and  Ilius  cantrihute  to  the 
proiwntioo  of  the  species  to  which  they  belong. 

"  Kelstively  to  the  fecundatiag  ponders,  it  may  he  remarked,  that 
Jn  foreata  of  pines  and  firs,  at  tlie  period  of  llon-sring,  the  ground  is 
jSTeceil  lor  sereial  days  with  an  extremely  fine  light  powder,  which 
(ei»mea  rwsed  in  the  air  by  the  winds  in  prodigious  quantities,  and 
.HmTayed  to  distant  places,  n^bere  the  descending  clouds  bare  been 
4[lan  mistaban  for  showers  of  Bul|iUur.  Also  during  the  seaaon  of  the 
lowering  of  wheat,  (he  fecundating  dust,  or  pollen,  may  he  seen  fiuat- 
lagoyet  the  fieldn  like  a  thick  mist."* 

I  The  modero  art  of  aerDBtatioo.orasithaii  been  more  correctly  styled 
■croiuntiGS,  (l«p«ndB  on  Ibe  application  of  the  principle  of  spetTilic  gn>- 
fjtj  to  the  action  of  gsaes  on  solid  bodiea,  and  the  consequent  motion 
^  the  Utter  through  the  atmosphere.  After  the  invention  of  (he 
^•pump,  when  the  mepbenical  properties  of  air  had  been  eiperi- 
ymataUf  domonstraled,  the  faaaibiUty  of  cootririDg  a  machine  for  the 
Vnrpose  of  narii^utmi;  the  atmospheric  regions  became  a  iavnurite  sub- 
jBot  of  speculation  among  men  of  science.  Bishop  Wilkins,  a  dis- 
tiogoiahed  mathematician,  and  oneof  the  earliest  members  of  the  Kuy^l 
,fieoiely  of  London,  was  so  far  convinced  that  u  method  of  travelling 
through  Ihe  air  might  be  discolored,  that  be  hazarded  the  opinion  that 
the  time  would  come  when  a  man  about  to  take  a  journey  would  call  for 
jhia  nioga  u  familiarly  as  he  might  now  for  his  boots.  But  the  idea  of 
piking:  sdvontage  of  tbe  principle  of  specific  gravity  to  form  a  flying- 
^ngjae.  that  should  rise  ie  consequence  of  its  being  lighter  than  an 
'•qimlbulk  of  oir.  appears  to  bare  been  first  published ,  if  not  conceived, 
ik  Fiancia  Lona,  an  ingenious  Jesuit.  The  scheme  be  proposed  was 
Oit  of  Httaching  to  a  car  faui  hollow  globes  of  capper,  which  were  lobe 
flotbaoited  by  me^ns  of  an  air-pump  ;  and  which  be  imagined  would 
'^ure  aufficient  ascending  power  to  elevate  tbe  car  and  tbe  aeronaotin 
ifiventurer.   It  seems  to  have  been  merely  ft  tli60iel,kii\^iai«." 

*  Seaaaot  7*»/tB  Elem.  da  PliyslnuB,  pp.  M*,  '355 
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It  hsTB  fsiled  in  the  aCtempl  to  t-xecace  it;  for  neithdr  globm  of 


coppsi  nor 


!^r  substance  known  coald  be  m 


IB  of  tbe  sides,  and 
strong  enougb  to  resist  atmospheric  pressure. 

Nearly  acentnry  bad  elapsed  after  tbe  publicntion  of  the  eboitiTe 
plan  just  noticed,  when  the  discovery  of  hydrogen  gas,  or  uiflaDumble 
air,  by  CsTendisb,  about  1766,  end  of  its  remarkable  inferiority  of  den- 
sity Dompared  with  common  nir,  rerired  (he  speculationa  of  philo- 
sopbars  on  the  subject  of  aeronautics.  Dr.  lilack,  of  Edinburgh,  soon 
aftflt  ascertained  by  ex)>eriment,  that  a  thin  blndder  filled  with  bydrogHi 
^aa  would  rise  to  the  ceiling  of  a  1d%  room,  and  remain  suspended  till 
it  was  taken  down  ;  and  leieral  years  subsequently  the  subject  was  liir- 
ther  investigated  by  Tiberius  Cavallo,  a  Portuguese  gentleman,  reaiding 
in  England,  who  was  a  fellow  of  the  Roval  Society.  It  was,  bowBTet, 
in  France  tliut  the  inrention  of  the  air-balloon  took  place.  Twobrothen, 
Joaeph  and  Stephen  MontgolGer,  paper-makers,  at  Anoonay,  con- 
structed a  large  square  bag  of  fine  silk,  and  caused  it  to  ascend  in  an  in- 
closed chamber,  and  afterwards  inibe  open  air,  by  heating  tbe  air  within 
it  by  means  of  burning  paper.  After  sereralpiBlnainary  eipeiimenw,  ■ 
balloon  was  constructed  at  Paris,  consistingrof  an  elliptical  bar,  74  feat 
in  length,  snd  48  in  brendth,  wilfa  an  aperture  beloR,  near  wbiDh  «u 
suspended  an  iron  grate  for  burning  wood  and  straw,  and  a  boat  or  est 
■ttacfaed  for  tbe  reception  of  niirial  trsTellera :  and  in  tbie  machine  the 
first  a«!ent  was  made,  in  October,  1783,  by  Pilalre  de  Roiier,  sapar- 
intendent  of  the  Royal  Museum,  Other  eiperiments  of  the  same  kind 
followed,  with  ballouns  rendered  buoyant  by  the  admisaion  of  heated 
air.  But  this  method  of  aerostation  was  liable  to  inconvenjeneos 
and  imperfections,  which  rendered  it  less  eligible  than  tliat  of  employ- 
ing ballooBS  inflated  with  hydrogen  gas,  the  chief  objection  to  which 
arose  from  tbe  expense  attending  it.  This,  however,  was  ofavlaWil 
bymesoaof  a  public  subscription  -,  and  December  1, 1783,  M.  Cfaarlel, 
profesaqr  of  natural  philosophy,  at  Paris,  and  liis  companion  M.  Ro- 
bert, ascended  from  the  gardens  of  the  Tuilleries,  br  means  of  ■  IhI- 
looD  filled  with  hydrogen  (irindammablfl  air.  Theaucc'ess  of  thisnnder- 
taking  demonstrated  the  superiority  of  this  mode  of  construction  ;  afid 
it  was  consequently  adopted  by  many  other  eiperimentiilisbi,  txitb  in 
/"ranee  and  eisen-bere.  Lnntudi,  an  \tti\\Mi,  -ww  da  first  aeronoul 
win  exhibited  in  this  couniry ;  uii4  atooiiis  >*»»*  ■*''™  *«o™ea*^ 
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between  iU  weiglit,  incliidiii^  the  attKbed  car  and  it 
rhBt  of  the  bulk  ol'  almospheria  air  which  the  apparaniB 
Suppose  the  dismeler  of  the  silk  globe  to  be  10  feel,  its  circ 
will  be  about  63  faet.  its  superficial  mGasurs  uboat  1957  Bqu»re  teel, 
■ad  its  contents.  Eolid  meBsure,  4190  cubic  feet;  theo  if  i(  be  filM 
with  gas  having  only  ^  of  the  specific  grnyity  of  coimmon  air,  and  ad- 
mitting Uiat  a  cubic  foot  of  the  latter  would  weigh  1}  oz.,  and  that  X 
square  foot  of  taffeta  or  thin  silk  would  weigh  1  oi., —  .^^^ 

The  weight  of  atmospheric  air  displaced  will  be     .     GSB5  «(^^H 
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Hence  the  inflated  balloon  would  weigh  3456  oi,.  or  aiG  pounds  leu 
Ihau  an  equal  bulk  of  common  air ;  and  therefore  aueh  a  balluon.  with 
a  car  and  its  contents  attached,  weighing  200  pounds,  would  have  an 
ascending  force  eqnel  to  16  pounds.  Bnt  if  it  were  filled  with  pnra 
liydroK*"  gii»>  haring  a  apeoiflc  fravilj  but  ,1  Ibat  of  Gnicmoo  w,  iu 
power  of  asconsioD  would  manifeatlj  be  augmented  in  a  high  degree. 
AeroDautB  in  general  were  accustomed  to  use  inflamiuable  air  procimd 
by  dissolving  pieces  of  iron  or  linc  in  sulphuric  acid  diluted  wili 
watec ;  a  ledioas,  traublesone.  and  inconvenient  operation,  which  wa* 
never  found  to  piodnce  gaa  appcoaching  to  the  specific  grarinr  jaM 
mentioned.  Hence  Mr.  tireen.  who  has  distinguished  himself  Erf  the 
number  of  his  al-rinl  eipediQons,  Bmounting  to  about  one  hundred,  de- 
termined  to  make  i  trial  of  coal  gaa.  From  aome  preliminary  eii|Mai- 
meala  he  ascertained  that  the  ascending  force  of  a  balloon  three  feel  ia 
diameter,  when  inflated  with  gas  from  coal,  was  equal  to  11  ox. ;  nut 
tliat  when  tilled  with  hydrogen  gas  procured  in  the  usual  way,  ita  fintt 
was  not  more  than  IS  oz.  He  therefore,  in  his  ascents  in  the  DMgb- 
liourbood  of  the  metropolis,  availed  himself  of  the  convenience  of  pR>- 
curing  gaa  from  the  coal-gas  companies,  which  he  found  to  be  Iliflh 
t^tent/j  adapted  for  bis  porpoie. 
The  accideoU  vrljich  occurred  \o  same  olliie  eM\wx  lEnmsiuji  «v 
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Hted  tbe  idea  of  ooDtriving  a  method  of  desoendiD);  iadependpnt  of 
Ibe  balloon,  if  circumBUmcses  ahuultl  render  it  (!<>simbl«.  Tho  Gist  vi- 
Bennwoita  for  this  puipoae  irere  mnde  by  Lb  NnmiDad,  in  \7S3-,  and 
tUancfaard  subsequenllj  oonstructed  h  maohine  resBmbling  a  laree 
fipaiuled  umbrells,  Gsllsd  a  Pnracbute,  whicb  be  let  full  from  a  bsigiit 
of  AOOO  feel  aboFo  tlia  enrch.  nicha  dag  in  a  beskel  suspeodeil  trom  it. 
A  whirlwind  acrcated  its  deacHDt  and  swept  it  abare  tlie  cloads ;  but  it 
MOD  appioachud  tho  balloon  again,  when  tho  dog  recoj;uiBed  his  mu- 
tvr,  sbowin^  faia  un«asiDiisa  and  a]arm  hv  barking ;  another  curreot  of 
■ir  then  earried  him  out  of  sight,  and  he  ultimately  laudad  in  safety, 
tbongh  not  till  after  (he  descent  or  the  baUaon.  Gncnerin.who  uaed  a 
pusohute  ib  feel  in  diameter,  with  a  basket  attached  to  it,  descended 
froni  ths  air  by  this  means,  sereTsl  times,  both  in  France  and  in  this 
eountry  ;  and  on  odb  occasioD  from  the  perpundiculiu  elevation  of  BOOO 
feet. 

On  tbe  principle  of  thoparschnte  depends  the  buoyancy  of  nnmeroui 
ligbtlMdiea  preaenung  on  eitsnded  autfocetotheairj  and  thunu  little 
tBDopy  mute  by  attacbin);  four  strings  to  the  angles  of  a  sheet  of  paper 
with  a  light  weight  in  ihe  place  of  a  car,  if  dropped  fiom  an  eminence 
will  descend  batalowly  to  the  ground.  Some  experiments  founded  on 
Ibe  observatiDn  of  snch  facts,  mads  in  Germany,  may  bete  be  noticed- 
2uh>ria  of  Rosleben.  conuciving  the  possibility  of  forming  a  flyiug- 
hoM,  constrneted,  by  nray  of  trial,  a  ease  of  light  woi>d  covered  with 
iJDMi,  in  the  shape  of  a  flat  obtuse-ai^led  keel,  5\  feet  io  diameter,  and 
I  •  foot  deep,  weighing  141  pounds.  On  tbe  17  tb  of  September.  lB9e, 
Oia  nasbine  waa  launched  from  a  scaffold  on  the  race-course  of  Wen- 
MBt«a,  the  scaffold  being  37  feet  high,  and  standing  on  a  rock  100 
feet  above  the  surrounding  plain ;  so  that  the  perpendicular  height  waa 
1ST  ieet;  and  tbe  boat  flew  to  the  distance  of  153  feet.  A  aeoond 
Mjiag  boat  TJ  feet  in  diameter,  J  a  foot  deep,  and  S5  nounda  in  weight, 
whii^  waa  launched  from  the  scaffold  on  the  same  day,  took  a  some- 
Mint  more  elevated  path,  and  landed  after  a  flight  of  15B  feet.  These 
WHriments  appear  to  have  been  uipensive,  and  the  result  was  not 
sufficiently  flattering  to  induce  the  projector  to  repeat  them.' 
■  Attempts  have  been  made  nt  different  periods  to  oonatruot  wings  for 
Ktive  Sight  through  the  air ;  but  they  have  i\l  ptoiei  aXjottwa-   '^w 
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celebrated  bistoriim,  WiUiaia  of  MBlmesbuiy,  in  hU  account  of  llieooi- 
qu^al  of  Eni^land  by  tlie  Nonnsas,  mentioiis  an  al)eg«d  piedictioii  of 
Ibal  eyeut  bj  Elmer,  or  Oliver,  a  Benedrctiue  monk  of  Malmesbory, 
in  conasqnencs  of  the  appearance  of  a  comet,  in  1060,  Tbh  moak  ^f^ 
penrs  to  bare  been  a  learned  aod  ingeniona  man,  who  wss  BtriUad  in 
malbemalict.  tiut  bii  claim  to  notice  8t  present  is  p-ounded  on  bii 
beiug  the  earliest  Englisb  aeronaut  on  record  ;  thongh  bis  specnlatioD 
was  not  onlj  unanccesaful  but  nnfortonate.  For  the  historiaa  iafbrvB 
us  that  Elmer,  bavin^  affiled  wings  to  his  bands  and  his  fi^et,  BACended  • 
lofiy  tower,  wLente  he  took  bis  flight,  and  was  borne  upoD  the  air  for 
the  space  of  a  furlong ;  but  owing  lo  the  violence  of  the  wind  or  bn 
own  mismanagement  through  fright,  he  fell  to  the  ground,  and  bnkt 
both  hia  legs.* 

The  tiimous  RoOTr  Bacon,  who  died  towards  the  eod  of  the  tUt- 
leenth  century,  in  his  treatise  on  the  Secret  Works  of  Nature  aud  All. 
expressly  asserts  the  possibility  of  constructing  machines  iu  whiib  ) 
man  sitting  might  move  through  the  air.  by  means  of  winga.likeabird 
Afing.t  In  the  fifteenth  century,  John  fiaptiste  Dante,  a  mathematidwi 
of  Perugia  in  Italy,  eiciled  the  astonishment  uf  his  conteiDpor4rieE  1^ 
his  aeronautio  exploits.  But  hia  career  was  unfortUDUte  ;  for  we  art 
told  that  after  hebad  repeatedly  crossed  tfaelakeof  ThrasymeinethnHigt 
the  air.  he  took  his  flight  from  an  eminence  in  his  niiliTeeity>  wheahii 
machtserj  becoming  deranged  be  fell  on  the  roof  of  a  chorcb,  vi 
fractured  his  thigh.  The  Journal  des  Sfavtms,  Deoembei  19,  16T8, 
conlains  a  descripticn  of  a  flying.engine  contrived  bv  a  looksmili  «f 
SBbl6,in  the  county  of  Maine,  in  France,  by  means  of  which  ibeiarcn- 
tor  descended  from  a  second  fiour  window,  and  proposed  to  fly,  Fraa  > 
height,  orer  a  river.   Professor  Vietb  says,  that  the  latest  eiperinieHU 
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of  Byin 


3  practical  reaults  of  iiD- 
portance.t 

The  ascent  of  sky-rockela  affords  an  interesting  object  of  philotopbi- 
cil  speculation,  and  the  phenomenon  has  been  varioualy  accounted  fix 

•  Qui.  MalneAbar.  de  Gettis  Rc^m  Anglorum.  Uh.  11.  cbli.  is. 

la  aUqnod  iDrcDkum,  per  quod  ai»  artinciaUCrr  compodlW 

I  moaum  ans  TolanHa,"    KiiibIoU  Fratris  R,  Baeoali  * 
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b;  men  of  ■ciencs.     Tlie  rockm  cansiata  of  a  cjliadHcil  case  or  cir- 
uiucfa  of  Uiick  paper,  GILud  with  a  cooipoHition  oF  gnnpotvder,  char- 
cod,  Ueel  Glings,  and  other  inSammable  matter  ;  wjtli  a  head,  lecbni- 
cilljr  atrled  "  the  pot,"  Bt  the  upjier  aitremity;  and  t  tight  stick,  to 
vhicli  the  roeket  ia  affixed  laterallj.     Its  Right,  like  thnt  of  other  pro- 
jntiles,  dapenda  on  the  Budden  eipansioD  of  compraased  aiii  formed 
at  oonibiiation ;   and  iho  manner  in  which  this  takes  pluce  is  most  re- 
liifiwlorily  Biiilainad  hy  Dr.  Charles  Hutton.     He  observe!,  ■•  that 
the  nonieBtwueD  the  powder  begins  to  inflame,  i 
I  Lorreut  of  eloatio  fluid,  wbinh  acta  in  every  din 
the  air  wUirb  oppoaea  iti  escape  from  tbe  cartridge,  and  again 
,  u>per  pert  of  the  rocket ;  hut  the  resistance  of  the  air  is  more 
^dmable  than  the  weight  of  the  rocket,  on  account  of  the  eitremi 
Bty  with  which  the  elastic  fluid  isautg  through  the  neck  of  the 
b  throw  itaeir  downwards,  and  therefore  the  rocket  aeceiids  by  the 
'  SB  of  one  of  theae  forces  over  the  other."*    Dr.  Hutton  also  rema 
d  tbe  rocket  would  not  rise  unless  the  elastic  fluid  were  produced  in 
ance  ;  and  hence  the  necessity  for  piercing  in  llie  centre  of  the 
a  conical  hole,  aud  thus  the  composition  Ahen  inflamed  burna  io 
ilrio  Btrata,  of  much  greater  ej:tent  than  the  drenlar  disk  to 
the  combuation  must  otherwise  he  coultned,  and  the  eipansivo 
>  is  formed  in  quantities  sufficinut  to  prodnce  the  required  effect. 
AmiBig  tbe  amusements  of  scboolhoys  there  are  few  more  susceptible 
't  •ppticalion  to  useful  or  curious  purposes  than  that  of  flying  psper- 
'■  a.    By  mesHs  of  such  a  machine,  which  he  constructed  hy  slretch- 
B  mlk  handkerchief  over  a  wooden  fimne.  Dr.  Benjamin  Franklin 
lonatnled  the  identity  of  lightning  with  tbe  electric  fluid  -,1  the 
MpAr-lcitA  has  also  been  employed  to  conveys  linefordr^gingarope  to 
To  ihore  from  a  vessel  wrecked  on  a  rooky  coast ;%  and  a  few  yeara 
a  Mr,  Pocock  made  repeated  eioorimenta  in  the  Repent's  tork, 
m  the  road  between  Bath  and   London,  by  means  ot  which  he 
■cerlained  the  possibility  of  travelling  in  a  carriage  drawn  by  twn 
Mper.kitea,  supported  at  a  moderate  elevation,  and  impelled  by  Hie 
""'    '       The  elevation  of  the  paper-kite  in  the  usual  maun er,  with  • 

atbanaHcal  tad  Phllaaofbical  Dictlonaiy,  srt.Uuca.eT- 
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line  BttBched  to  a  loop  on  the  under-aide  oT  ihs  mnotine,  is  satisfsc- 
torily  elucidated  bj  Ur.  Porii,  who  has  ihown  that  tbe  asi^ent  of  liit 
kite  aSbrda  an  einmple  of  the  cnmpositinn  of  forces,  the  mode  of  sc 
of  which  is  exhihited  in  (lie  folloning  diagram. 


The  kite  ja  here  represented  rising  from  the  ^nund,  the  IL 
noting  tlis  direction  sad  force  of  tbe  wind,  which  falliog  on  a 
aurftice,  will  be  reaolied  into  two  forces,  namely,  one  parallel  w..._  .. 
and  another  perpendicular  to  that  lurface.  and  the  latter  only,  repre- 
aenled  hj  the  line  Y,  will  prodace  an  effect,  impelling  the  kite  in  the 
direcCionOA;  and  the  lenaion  of  the  string,  at  the  same  time,  in  the 
direotion  P  T  S,  will  cause  the  machine  to  asoend  in  the  diagonal  O  B 
of  the  parallelogram  O  A  BT,*  The  ascent  of  tlie  paper-kite  not  only 
depends,  as  mav  thna  be  perr^eired,  on  llie  same  principles  as  tbtm 
which  govern  tlie  movement  of  bodies  on  inclined  planea  j  but  it  UM 
klso  be  fairly  affirmed  that  the  path  of  the  kite  in  rising  U  an  actual  ill' 
olined  plane,  up  which  it  is  diavn,  by  the  tenaian  and  weight  of  At 
string.  A  weU-oanstructed  kite  may  be  made  to  ascend  when  there  i* 
but  htlle  wind  atirriog ;  (or,  by  running  with  it  held  by  the  stria;  ni 

inclined  obliquely,  the  air  on  iti  inferior  aurfaco  will  be  com      ■*" 

just  as  it  would  be  by  runningwith  an  expanded  nmbrellB  li 


•  f/ulosoptiy  in  Sport  made  Science  in  EainoJ™    ' 


bd  hj  TSering  oni  tbe  sOriiig  (nd  ruBuiBf;  tl  tba  Mm*  dm*,  iln  bt«  it 
dnm  up  IS  iarliDfd  pliat,  n-bich  it  hinu  fcr  IMkI'  bt  tix  f  nNhial 
MB)pi«siioD  of  the  surceauTe  portion*  of  ui  one  wlueti  itawrM> 

TJit  Diving^tll. 

.  _  .  it  ])rodace9  peculiar  eflocls  wbBD  ila  ttfomiu  ii  ...  . 

Vt  the  lower  atmoaphere,  ao  likewise  ire  vwUiii  edvou  iirtxtucnl  by  _, 
tte  deuai^  of  which  lias  been  luginmitFil  by  oonpngulou  or  oUiM«riH' 
CoiulEiued  sir,  if  not  oonluainiiled  will)  ilvlMerioui  gutn,  may  b* 
farealhed  wiUi  impunity  by  uiimilii  far  ■  ooniidutbli  tlm* )  tbau||U  ita 
<dects  ace  various  on  diffKieot  individuiili,  and  Mtno  eiMrUuna  uon- 
■iderable  temporary  inconvenianco  fraiD  mapirinK  tt.  Mr.  UiU*,  of 
Sew  York,  in  Amencs,  biu  foundsd  on  ibil  proparty  of  oompraumi 
air  an  improTed  metbod  of  bottling  Bparkling;  ]li|Ulil«,  tuiib  ai  ila,  ddw, 
and  perry.  Uia  pltm  conaiata  in  oonducliiig  iho  whola  opiraUini  of 
draniug  off,  bottling,  corking,  and  leourini;  tba  liijuon  iii  queatioiii 
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intbtn  an  ait-tight  chamber,  into  wliiuli  auob  n  i|Uaull(y  of  air  may  b* 

used  by  a  condensing  pump  or  angiua,  thai  it  fflivalway*  afiird 
js  of  preasuie  on  the  aurfacei  of  Ibu  liquora  aufllalant  lo  pivTimt 


mpreaged  by  a  condensing  pump  Or  angiua,  thai  it  may  alway*  ■ 
~  inie  on  the  aurfacei  of  Ibu  liquora  aufllaj 
gaa  to  wbicb  tbuy  owe  tboir  aparUiog  i 
niercating  and  important  purpoK*  to  w 
rdiiliCy  of  compreaaed  air  boi  been  applied,  ia  that  ofao 


rof  the  gaa  to  wbicb  tbuy  owe  tboir  aparUiog  quiUty, 
most  iniercating  and  important  purpone  to  wJilnh  Ibw  TS«pt< 
a  applied,  ia  that  ofaaabliuBjiMMni* 
todeacend  to  a  certain  depth  benealb  lbs  aurfaea  ofth*  IM,  by  nmutf 
of  tbe  machine  culled  a  Diving-hell,    'I'baooaipraialbillljrtad  ImpMMh 


trability  of  atmospberic  air  may  ba  both  at  Otica  dmooDSlnWd  hf  lit* 

*        ■  r  ,  .ij-....    i..  ....    .-..._..  _.  .1  ■  ,j^^^^  ^ 

T'llau  would  be  comprviaad  • 
b(dk,  in  prD[»r1ion  to  tlw  depth  to  whiub  tba  Klaaa  « 


ahnple  eipeiiment  of  holdiog  by  tin  lout  an  iurarlfd  bMr-Kla 
plunging  it  perpendicularly  in  a  iiior  batinof  watsr,  wbautliapattl 
of  air  vilbin  the  beeT'ilai*  woufd  be  cumprviaad  ud  dinliiuAad 


_    _.       n  of  tbe  water:  but  a  limit  would  iH  ^    ._      

fi«M  would  not  diira  it.  iraamell  bit  ofliglilwl  wai-lapcr.  altarjiad 
(anXate(ak,were  placed  m  lite  wiUr  and  iwludadoDdeillui  luienwl 
glaaa.ilwauUbaiiiin  tbeconprtaacd  air  1>>D||«  than  u  an  M|ual  bulk 
aim  at  ita  aavl  dnoly  ;  but  the  air  wwdd  be  (wtninid  b^  tha  evB- 
btMioB  of  tW  taper  till  it  bteama  redond  lo  aboat  an»-(liifd,  aisd  llw 
taadae  woaU  bo  kmai  uUl  for  icopiratiuD  atd  IW  aupport  of  aataul 
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A  diTing-bell  is  merelj  a  large  annicml  ar  pyramidal  resael,  mode  <i! 
oaat  iroa,  or  of  wood,  if  of  the  latter  loaded  nith  weights  to  malw  it 
sink.  It  is  uBUally  fumklied  with  Ehelvei  and  uata  on  the  aides  for  the 
coQTemence  of  tliDse  who  descend  in  it;  and  aeTergl  strong  glass 
lenaes  ore  fitted  into  tlie  upper  part  for  tbe  admdaBion  of  light.  TtujTC 
ia  likewise  a  atop-cock,  hy  opening  which  the  air.  rendered  impure  bj 
teapintioD.  may  from  time  to  time  be  discharged  and  rise  in  bubblei 
to  die  eurboe  of  the  water  ;  and  provision  must  be  mads  for  the  regular 
■apply  offresb  air,  which  may  be  sent  dovra  through  pipes  fn^noaeor 
more  Urge  condensing  ayringea,  worked  on  llie  deck  of  n  vesael  abova. 
The  bell  muat  be  properly  suspended  from  a  crane  or  orosB-beam,  ftit- 
niahed  with  lacklea  of  pulleys,  that  it  mny  be  lon-eted,  luiied,  or  other- 
wise niOTed  according  to  Dircumstancea. 

Some  have  snppoaed  that  the  ancients  weie  acquainted  with  the  nH 
of  the  dirinfr-bell,  and  apparent  alluaiouB  to  it  occur  in  the  works  of 
Aristotle,  liutthe  earliest  direct  notice  ofanch  a  machine  ia  probably 
to  ba  found  in  a  tract  ■' De  Motu  Calerrimo,"  by  John  Taianiai, 
who  held  nn  office  in  the  household  of  tbe  emperor  Charles  V.  Be 
atstes  that  some  eiperiments  were  made  in  the  prenenoe  of  that  pnnoe, 
■t  Toledo,  in  I.^H,  by  two  Greeks,  who  descended  under  wnter  aevfr- 
ral  times  in  B  brazen  caldron,  witbout  wetting  their  clothes,  or  eoMaj- 
guisbing  IigliU  which  Uiey  cuiried  in  their  buuiU.*  Since  tbe  middle 
of  the  seventeenth  century,  diring-bella  hare  been  often  used  for  the 
purpose  of  recovering  vHluable  property  which  bad  been  Bhipwreokad. 
In  recent  timea,  the  espense  attenduig  tbe  construction  of  a  diving-bell. 
Bud  the  difficulty  of  managing  so  unwieldy  a  machine,  have  led  to  tbt 
invention  of  less  operose  and  more  convenient  methods  of  makiog  sub- 
marine investigations  ;  but  tliere  is  one  inslance  of  tbe  successful  em- 
ployment of  diving-bells  for  the  recovery  of  treasuie  from  the  tea, 
which  occurred  in  1831,  and  tJiat  sttracled  attention  in  conseqaenee 
of  a  law-snit  to  which  it  gave  rise,  but  was  more  remarkable  oa 
aoDoant  of  the  skill  and  enterprise  displayed  in  the  conduct  of  the 
HnderUldng.  In  Uecembur,  183(1,  the  llietia  frigste  having  sailed 
trom  Rio  Janeiro,  for  England,  with  BIO.OOO  doUsn  en  board,  struck 
on  roolis,  and  was  sunk  at  Cape  Frio.  Captain  Thomas  Dickenaoa, 
of  H.  M.  S,  Lightning,  on  that  station,  obtained  pennissic 

•  V.  SdiottiTeehnicaCuiVosi.\\>J.ii.c»?.%. 


^r'o'r  iufi'n   ^^  "°''«f  tratBp..  I         ''"ape  Jb'"  .    i        "^  the  S„ 
'^'ttnbefiifS^^'^S'nsa^fi^P,-    /"  ""b  front  ,".,"'*  »toiilde« 

l^f-B"  Pulton  '""■^"■""la  for  th«,      ^"'^ ''"t'Dcuv-^,.   , 


EJjLiiiji, 


«V?, 


AEROSTATICS. 

veaael  innhich  ■  mna  mit-hl  pass  a  considerable  rlUtaoce  und^rwaur  , 
tuid  by  meaod  of  this,  nnd  ita  BccompBnyiag  ma^zine  of  artillery,  t 
bold  attempt  wua  made  lo  blow  up  a  Britiab  vesael  ia  tbe  liariioiir  of 
New  York,  during  tbe  American  ■war.*  This  project  appears  to  bare 
failed  merely  from  the  difficulty  br  rscherimpoBEjibilityof  sttncbinf  tbs 
magazine  to  tbe  bottom  of  the  ship,  which  was  attempted  by  means  ol 
a  sharp  iron  acrew,  which  passed  out  fiom  (he  top  of  tbe  divtng-ma' 
ctiiBe.  and  commnnicated  with  the  inside  by  a  water-joint,  being  pro- 
yidad  with  a  crank  at  its  lower  ond,  by  which  tbe  enginesr  was  to 
drire  it  into  the  ship's  bottom.  The  machine  ufinrding  no  fixed  point 
lo  act  from,  the  power  appHed  to  the  screw  could  make  no  impreenoa 
on  the  ship  :  and  thnatbis  daring  scheme  of  mischief  was  discoQCCtitedt 
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ACOUSTICS,  OR  THE  8CIKNCB  OF  SOUND,  IS  A  VBBY  CON8IDKBABI<B  BBAXCH  OT 
PHYSICS,  AND  ONE  WHICH  HAS  BBEN  CULTIVATED  FROM  TBS  BABUBST  AOBI. 
BVBN  PYTHAOORAS  AND  ARISTOTLB  WBRE  NOT  lONOBAMT  OF  THB  OBMBKAL 
MODE  OP  ITS  TRANSMISSION  THROUGH  THB  AIR*  AND  OF  TUB  NATOBB  OP  BAK* 
MONT;  BUT  AS  A  BRANCH  OP  BCIBRCB,  INDBPBMDBNT  OF  ITS  DBUOBTPOl 
APPLICATION  IN  THB  ART  OF  MUSIC,  IT  COULD  BB  HABDLT  SAID  TO  EZim, 
TILL  ITS  NATURE  AND  LAflTfl  BECAME  A  MATTBB  QF  BZPBBIMBNTAI<  INQUnf 
TO  BACON  AND  OALILEOy  MERSBMNB  AND  WALUS}  AND  OF  MATHEMATICAL 
INVESTIGATION  TO  NEWTON  AND  HIS  ILLUSTBIOUS  SUCCB880B8,  LAGBAN6B  AMP 
EULER.  FROM  THAT  TIBfE,  ITS  PROGRESS,  AS  A  BRAJVCH  BOTH  OF  MATHE- 
MATICAL AND  EXPERIMENTAL  SCIENCE,  HAS  BBEN  CONSTANT  AND  ACCBU* 
RATED. 

XirJ.  F.  fV.  HerscheVs  Discourse  on  the  Study  of  Natural  Philosophif. 
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inner  caiily,  fiom  Kbiuli  braucb  olf  variouslv-rormed  tubes  or  conili. 
which,  w  well  as  tbe  ioiier  cgTity  called  ibe  labyrinth,  an  filW 
witb  a  limpid  fluid ;  tiud  an  eipoDsion  of  the  sudilorji  nerve,  or  deU- 
cate  layer  of  nervous  fibres  being  diatributod  over  the  inlemal  sutfece 
of  tbe  labjrinth  and  cHnnla,  it  thus  becomes  the  medium  of  sensation 
yriih  regard  to  sound.  There  is  D  passage  csHed  tbe  EoHlncbiui  tube, 
nhicb  eitends  from  the  bsck  part  of  the  mouth  to  the  cavity  immedi- 
aiely  behind  the  membraooos  drum,  tbrough  n-hicb  air  pssses.  and 
therelnre  tbe  drum  vibmtes  Irpflly  when  acteil  on  by  tbe  sonorous  un- 
dulations of  the  external  air,  which  nre  communicated  Irom  the  mem* 
bmne  of  the  drum  hy  a  chain  of  very  minule  bouea  and  muscles  pias- 
ing  from  it  to  tbe  menibtsne  over  the  entrance  Co  the  labyrinth,  and 
rorresponding  undulations  being  produced  in  the  contained  fluid,  in- 
presaiona  are  props^ted  to  the  nervous  lining  of  tbe  labyrinth,  and 
thence  to  the  brain. 

Hence  it  must  he  appannt,  that  the  senae  of  hearing,  depending  ■■ 
it  does  on  the  perfect  operation  oi  so  complicated  an  organ  ■■  the  ear. 
may  be  impaired  by  vnrions  cauaes,  or  entirely  destroyed  when  tbe 
eEiential  parts  of  tbo  orgoji  are  origioallv  wanting,  ot  so  greatlv  in- 
jured by  disease  as  to  be  incapable  of  performing  tbeir  faaotum. 
rims  aome  persoos  are  bom  deaf,  the  organization  of  their  esn  bOBg 
so  defective  that  they  are  utterly  incapable  of  perceiving  soiinde,  Ud. 
therefore  can  never  accguire  the  faculty  of  speech  by  imitating  rooalj 
laiigun^e.  Such  unforliiDBCe  individuals,  incapable  of  obtaining  latowJ 
ledge  by  the  usoal  cbaiinels,  may,  however,  be  quolified  for  high  d» 
grees  of  mental  cultivation  by  the  modes  of  inBtmctiUD  coDtrived,  q 
rather  greatly  improved,  by  LEpfe,  Sicsrd,  Braidwood,  and  ol 
nho  have  most  meritoriously  d(:voCed  their  talents  lo  the  instnictioa  M 
the  deaf  and  dumb. 

Tliough  tlie  functions  of  tlie  organ  of  hearing  are  clearly  as 
M  to  the  general  principle  of  action,  jet  the  jieculiar  puqio 
several  parts  are  by  no  means  equally  obvious  ;  nor  is  it  certain  i 
any  of  Iliem.  eicept  tlie  auditory  nerve,  are  absolutely  essential  tol 
perosption  of  sound.     Somu  persona  naturally  have  an  aperture  i 
membranous  dnim  of  the  ear,  and  in  olhere  a  similsr  defect  it 
duced  by  disease ;  but  in  either  case,  though  the  (acuity  of  hi 
ramiBoii'lr  aoBifwhat  impaired,  it  is  not  dusttoYed,  not  e 
mrio^  to  abscess  ia   '  ''      '     - -"  '  "-- 


e  chviiot  bouw^iM't'iwiaOu'Si 


vithin  the  Hbyrindi.  There  are  p^taods  wbo  occasioaalty  nmuse 
fiiemfielvea  and  their  compaaioDB  by  drawing;  a  quHotity  of  lobac-co- 
•moke  into  the  mouth,  and  then  expelling  il  tbniiigh  oue  or  both  eaea  ^ 
t  feat  which  cnn  be  peribrmed  only  by  those  who  bsTe  a  nntuni!  or  nrti- 
fieial  perforation  of  the  membranous  drum  of  the  ear;  (ind  tliua  tbev 
-  ibroe  the  smoke  through  the  Enslaehian  tube,  into  the  cavity  of  the 
m,  and  discharge  it  throiigli  the  perforation  jmt  mentioned.  !n 
pnKtisiag;  tlie  an  of  ttivini;,  it  appears  tliai  thoea  engaged  in  il  on  lirst 
goine  into  dee|i  wnter  become  subject  (o  moat  intense  pains  in  Ihr  ears, 
miaeb  continDe  till  tbej  hare  reached  certain  d^)^,  when  the  sen- 
sation of  something  bursting  within  the  ear  with  a  loud  Feport  lermi- 
mtOB  the  pain,  and  they  caa  then  descbnd  as  low  ag  may  be  ntv easary 
Withoat  any  fUrtber  inconvenience.  TLere  can  be  nu  doubt  that  all 
"-'-  '-  iccaaioned  by  tiie  vast  pressure  of  the  natfr  on  the  drum  of  the 
I  its  consequent  rupture  ;  and  probably  it  would  be  found  on  in- 
reitigation,  that  peact-divera,  and  others  accustomed  to  deep  diving, 
'  iTfi  the  auditory  faculty  more  or  less  impaired. 
Though  air  is  the  usual  medium  of  sound,  it  is  not  essential  to  tiie 
rmation  or  (he  propagation  of  sonorous  Tihrations.  Some  anlistancB 
bowSTer,  either  solid,  liquid,  or  aerial,  must  form  a  conCiououB  con- 
neiion  between  the  sounding  body  and  the  ear :  for  sound  cannot  he 
eonreyed  through  a  vacuum.  If  a  small  bell  be  suspended  under  the 
receiver  of  an  air-pump,  in  Buch  a  manner  that  it  can  be  Btrueli  with 
a  biDuner  nithout  ndnulting  air  to  it,  when  partial  eihaustion  has 
labea  place,  the  sound  mil  be  weakened,  and  after  the  rarefaction  hna 
been  carried  as  far  as  possible,  no  sound  will  be  heard  on  alrildng  the 
bflll.  If  the  experiment  be  made  by  inclosing  the  bell  in  a  sniaU  re- 
cniver  full  of  air,  and  placing  that  under  snolher  receiyer  from  mhioh 
ir  can  be  withdrawn,  though  the  bell  wben  struck  must  then  pro- 
sound  as  usual,  yet  it  will  be  quite  ioaudible,  if  the  outer  receiver 
ill  exhausted,  and  care  be  taken  to  prevent  the  sonorous  vibrations 
ilnbeingpropagatedthronghany  solid  part  of  the  apparatus.  Asaounda 
weak  when  the  air  surrounding  Iha  aoootovia  Vs^ '»  iwtAJ^. 
tcootnry,  any  aound,  as  tlial  ot  a  WW,  WiW^ie  ■?«tiBCT'A  ^b"™* 
•b  Joader  when  the  beU  is  struck  in  aTeaaeiSfleiTii.'iSi'vii^l  "™" 
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pressed  air,  thm  when  slniet  wilh  the  asme  force  in  ■  TSSSel  of  »it  of  (i« 
cnmmoo  densitj.   >lence,  too,  it  hRppens  tlinl  when  a  pialol  is  fired  oB 
tbe  Up  of  B  high  luouDtnin,  nhere  the  air  is  compKratiTelj  rare,  tl» 
report  is  not  ho  loud  aa  when  it  is  fired  at  the  base. 
I  That  liquids  conduct  sound  with  no  less  farilit^  than  Birmavbt 

ascertained  h^  riuiring  a  bell  underwater,  when  it  will  be  heard  as  <h^ 
linott)-  as  when  rung  shove  the  water.  And  a  person  diring  under 
water  wonld  jilaioly  hfarthe  sound  of  a  bell  struck  in  the  sir  at  sikh 
derale  distance.  If  holh  the  hoarer  and  thp  eoUDding  bodF  be  im- 
mersed in  tbe  same  mass  of  water,  the  sound  will  appear  much  looilei 
than  when  passing  through  an  equal  ejlenlof  air.  The  propseTition  c^ 
•onorooa  vibrations  through  liquids  may  be  rendered  visibls  ;  for,  on 
rubbing-  gentlj  with  a  wet  £ng:er  tlie  edge  of  a  drinkiDg-glasa,  half 
filled  with  water,  sound  will  he  produced,  and  tbe  Buriace  of  thewMsr 
will  be  covered  wilhminute  undulations.  The inteuaity  or  loudne«o( 
sound  in  fiaids  appears  to  be  augmented  in  proportion  to  the  inereaM 
of  their  specific  gravity,  Thus  water  being  so  much  denser  a  Soiil 
tlion  air,  sounds  produce  a  atrongn  effect  in  tbe  former  mediam  Ihia 
in  tbe  latter  ;  and  therefore  it  maj  be  regarded  as  a  wise  provision  of 
the  Author  of  Nature,  that  the  organs  of  hearinf;  in  fish  are  much  l«a 
perfectly  developed,  and  consequently  less  eeosible  to  the  impressioiia 
of  sound  thaii  those  of  terrestrial  animals. 

Solida,  when  tbej  possess  elasticity,  convey  sounds  to  tbe  ear  mnie 
readily  and  effectively  tlian  gasceor  liquids.  If  a  person,  hard  of  b«ar' 
ing,  places  one  end  of  an  iron  rod  between  his  teeth,  while  the  other 
end  rests  on  the  edge  of  an  openkettle,  hewill  understand  what  iauid 
by  another  directing  his  voice  into  tlie  kettle,  more  distinctly  (bin  tf 
the  voice  of  the  speaker  passed  throngh  the  air  ;  ao  that  he  mij^teoa- 
verse  in  this  manner  with  anyone  at  a  distance  at  which  he  wonhlBDl 
Hear  under  common  circumstances.  When  a  stick  is  held  betweoi  tt( 
teeth  at  nneeiiremitr,  and  the  other  is  pisced  in  contict  with  a  table, lb* 
BcratcbDfapin  on  the  table  mav  be  heard  Iliougb  both  ears  be  stoppel 
When  souadg  are  propagated  in  tbis  manner,  the  aonoroua  Tibratuol 
t  must  he  costeyed  through  the  month  and  along  the  Eustachian  tnbt  ta 

I         tlie  itilerior  pan  of  the  organ  cf  hearing.    Among  tbe  evidencea  of  lb* 
I      transmission  ofaounfl  fliroMg>i%Q\\i\)oSiw.,TQ>ffi\aB'nM(«t.miMd  tbeco* 

^  tie  tapper  p^rt  of '^)«Ke  voY«r.»  ^^^'.x^  »»-!^  «.^^«^«.- 


o^j  by  boldiiig  the  two  ends  of  th«  ribbon ;  which  are  to  be  brouglit 
in  ooutact  wilh  the  ears,  and  pressed  Hgainat  them,  so  ns  to  close  them, 
tlien  im  swinging  the  poker  so  that  il  may  strike  as  gonlly  aa  possible 
■^ust  a  bar  of  the  fire-grst«,  or  any  other  metallic  substance,  a  deep 
■DUDd  will  be  distinctly  beard  like  the  tolling  of  a  large  bell ;  and  yet  if 
llie  ribboD  be  remoied  from  the  ears,  and  the  poker  suspendec)  by  it, 
•nd.st[ack  in  the  same  manner,  tbe  sound  will  be  hardly  perceptible. 
8(Bnfl  experiments  will  subsequently  be  noticed,  which  show  that 
touod  not  only  passes  mnch  more  readily  through  elastic  solids  than 
through  aii,  but  also  that  it  traverses  the  former  with  abundsntly 
greater  velocity. 

That  peculiar  kind  of  motion  in  bodies  nbich  gives  rise  to  the  sen- 
HtioD  of  sound  has  been  characterized  by  the  term  vibration,  because 
a  sinking  anatc^  may  be  traced  between  the  tremulous  agitation 
which  takes  place  among  the  particles  of  a  sonnding  body,  and  the 
McnllBtiDns  of  a  pendulum.  Tbe  nature  of  sonorous  vibrationa  may  be 
iUufltiated  by  attending  to  the  visiblo 
motions  which  occur  on  striking  or 
twitchiD);  1  tightly-extended  cord  or 
— ^^^^  wire.  Suppose  such  a  cord  repre- 
loted  by  the  central  line  in  the  mnr- 
nal  hgure  to  be  forcibly  drawn  out 
10  A,  and  let  go,  it  would  immedi- 
slflly  recover  its  original  position  by 
elsaticity,  hut  when  it  reached  the  central  point  it  would 
lomentum  as  woold  caase  it  to  pass  onward 

a  vibration  being  gradually  diminished  by 

. of  the  sir,  EO  that  it  would  at  length  retom  to  tJia  state 

vfreat.  Tbe  string  of  aviolin  era  harp  drawn  aside  thus, and  sntTered 
to  vibnte  freely,  would  propagate  its  vibretions  to  the  body  of  either 
iMtnunent  and  to  tbe  surrounding  air,  and  thus  a  tone  or  musics)  note 
would  bs  produced  and  rendered  perceptible  to  the  ear.  The  air 
funally  encompaasing  aoanding  bodies  on  every  aide  conveys  tbe  sen- 
MtioiD  of  sound  in  all  diiections  ;  therefore  the  aerial  vibrations,  or,  as 
diey  bave  been  termed  pulses,  must  be  commutacWBi  Bitessi™*.'! 
MBd  genataav  Ihrougboat  the  whole  Biiace  witliui  \i«,\YBa.\a  "A  -vVaSfc 
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in  cfuuequMice  of  mmate  eipuiEioaa  tnd  OHitractioaa  of  the  pnrtlcln 
«f  ur,  whicb,  tbus  pressing  an  the  cooCiguciUB  particles  around  them, 
(icile  corresponding  tnotioue,  entendiag  every  way  fram  a  commoB 
centre.  Tlutse  suuiferaus  uadulalions  of  the  nir  have  been  oom- 
fttred  to  the  waves  spreading'  in  oonoentric  circleB  over  a  amoolh  pond 
of  water  when  a  slnno  is  thrown  into  it.  Andihnsnstbe  liquid  wawn 
are  propsgateJ  not  only  directly  forward  from  the  centre,  but  aiso  H 
they  encoDnter  my  obatmction,  as  from  a  floating  body,  they  will  twnd 
their  coaiHS  round  the  sides  o(  the  obstacle  and  aprend  out  obUqnely 
beyond  it,— so  cbe  undulations  uf  ur,  if  interrupted  in  their  pro- 
gress  by  a  bigh  wuU,  or  any  similar  impediment,  will  be  conlioued 
aret  iu  summit,  snd  propagated  on  the  opposite  side  uf  it.  From  this 
descriplton  of  the  nature  of  sonorous  vibration  it  will  be  yorceived  lo 
consist  of  ilie  alternate  dilatation  and  compreaaion  of  certain  portioBi 
of  air  nr  other  bodies  acting  mechanical^,  90  as  to  cause  corresponding 
effects  ihroBghoul  a  given  space  ;  and  tfie  motion  thua  originated,  pn- 
duces  no  permanent  change  of  place  among  the  particlpa  of  the  kibd- 
fousmasa,  hot  simply  an  agitation  or  tremor,  so  that  each  particle,  like 
a  pendulum  that  has  been  msde  to  oscillate,  recovers  at  teugtb  id 
original  poaitiun.  Hence  sound  is  communicated  through  tbe  Mmo- 
■phere  by  the  propagation  of  minute  vibrations  of  its  particles  fiiniiaB* 
IHUt  of  Ihe  fluid  mass  to  another  nichout  anv  tralntitious  motion  of  At 
Buid  itself. 

"  Perhaps  we  may  most  distinctly  cuncaive  the  kind  of  fact  bete 
•poken  of  by  comparing  it  to  the  motion  produced  by  the  wind  IB  i 
field  of  standing  corn  ;  grassy  waves  travel  visibly  over  the  field  ia 
ibe  direction  in  which  the  wind  blows,  but  this  appearance  of  Ha  objael 
moving  is  delusive.  The  only  real  motion  ia  that  of  the  earsof  eniii, 
of  which  each  goes  and  returns  as  the  atalk  atoops  and  recovers  itaeK 
Thia  motion  affects  succeasively  a  hne  of  ears  in  the  direction  of  tlW 
wind,  and  uflects  simultaneously  all  the  ears  of  which  the  elevntiaii  or 
depression  tbtms  one  visible  wave.  The  elevations  and  depreaooM 
are  propagated  in  a  constant  direction,  vrhile  the  parts  with  iriiich  dR 
spnoe  ii  filled  only  vibrate  to  and  fro.  Of  exactly  such  u  nature  is  tb> 
propagation  of  sound  through  the  air.  The  parlicleeof  air  go  and  !•• 
loTBlhroagb  ven  minute  spaces,  aud  tbia  vibratory  moti an  ranstbriiug^ 
lie  aimoiphere  frota  (he  sounding  body  W.\«  sat  -  ViM«,QO[  of  e)e- 
^aeioa  and  depieaaion,  but  of  eotidBiiBatitinaiiitMe'»K'WK>i«*  -wsar 


ies  trhich  hm  been  indicated  u 
degree  of  Telocitj  in  ordei  to 
pmdoce  the  retjuired  effect.  An  extended  cord  may  be  so  alack  that 
wJienmade  to  Tibtule  it  will  yield  no  sound,  jta  mot 
and  weak  to  propagate  aonorouB  undulationa  through  tlie  Eunounding 
sir.  In  order  thul  sound  may  be  produaed  the  tenaiua  of  the  cord  m  ~~ 
be  inoreBseiJ  ;  and  it  will  then  be  found  (bat,  the  length  re 
■kered,  the  number  of  vibrations  in  a  siven  tune  will  be  nugmeuted  in 
tion  to  the  additional  tension  ot  the  cord.  It  hu  been  uscer- 
by  experiment  that  a  vibrating  cord  will  not  produce  a  Bound 
distinctly  appreciable  by  the  most  delicate  ear,  when  it  makes  lesa  than 
■boat  Si  vibrations  in  a  second.  But  the  susceptibility  of  the  organs 
of  hearing  to  grave  or  acute  sounds  appears  to  be  different  in  different 
iudivi duals.  I'iiere  are  some  curious  observatians  on  this  subject  in  a 
paper  publiahed  in  the  Philosophical  Transactions,  by  Dr.  WoUaston, 
■'  On  Soanda  Inaudible  by  Cprtain  Eora."  The  attention  of  thia  inge- 
philnaopher  was  attracted  by  (be  circumstance  of  finding  a  person 
Dikid  t^  rt,^  ^„^,^A  nf  ..  .^.^..n  """-n-pipe,  which,  with  respect  10 
s  own  bearing.  Uewaabence 
try  the  effect  of  different  modes  of  weokoning  the  sense  of  hearing 
in  mmselT ;  and  he  found  that  by  closing  the  nose  and  mouth,  and  ex- 
panding tbs  chest,  the  membrane  of  the  drum  of  [be  ear,  being  sub- 
jeoted  to  extiaordioary  tension  by  external  pressure,  made  the  ear  in- 
■aneible  (o  grave  tones,  without  affecting  the  perception  of  sharper 
loundi.  TIus  fact  affords  some  evidence  in  tavour  of  the  opinion  that 
^membranous  drum  of  the  ear,  by  means  of  its  apparatus  of  bonea 
■nd  muscles  oonnectiug  it  with  the  internal  membrane  over  the  taby- 
I^tli, is  capable  of  tension  and  relaxation  so  as  to  adapt  ioelf  to  receive 
'  transmit  aerial  undulations  having  different  degrees  of  velocity  ; 
lience  it  may  he  concluded  that  the  power  of  perceptioQ  of  low  or 
1  tones  depends  on  tbe  state  of  tlie  membrane  of  the  drum  aad  parts 
:ed  to  it.  "  The  range  of  human  bearing  includes  more  than  nine 
e  whole  of  which  are  distinct  to  moat  ears,  though  the  tibta- 
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lions  of  8  note  ■(  the  Iiigber  eiUeme  are  six  or  Seven  bitndrad  timw 
more  fiuqufiiC  Uian  those  vihieh  constitute  the  gntvest  audible  sound; 
enii  u  TibruioDB  incomparbblv  more  frequent  may  eiiat.  we  may  imi- 
gine,  that  t^ni"^^!^  lilie  the  Grylli  (critketd  at  gnuaboppers),  wboBB 
poweiB  ippenr  to  coruiDence  uearty  nbece  ourg  terminate,  may  heiir 
still  ahorpHT  Bounds,  wbich  ire  do  net  know  to  exist ;  and  ihu  tbera 
n»y  be  iiuevts  beaiiog  nothing  in  common  with  UB,  but  endued  iritb  ■ 
power  of  flXoiUD^,  Qnd  a  sense  that  p«raeives  the  some  Tibrstjonswhicrh 
ooMtitute  our  ordinatj  sonnds,  but  so  remote  that  the  animsl  who  pet- 
c«ires  them  maj  be  said  to  possess  anotber  sense,  peeing  with  Pur 
own  solely  in  tiie  medium  by  wbicb  it  ii  excited,  and  possibly  wbolty 
anaffectedby  Chose  slower  vibrations  of  wbioli  we  are  sensible."* 

ThODgb  sound  may  be  propagated  through  an  iufinile  mass  of  air  to 
very  considerable  distuoces,  yet  its  inteoaily  or  loudeess  diiainisbes  is 
proportion  as  the  sonorous  vibrations  extend  from  the  spot  wbere  tbey 
are  produced.  The  rate  of  diminution  of  intensity  maybe  inferred  from 
mathematical  calculation  as  well  as  Bscertaiced  by  experiment  {  and  tbn 
roanlta,  wliich  confirm  each  other,  show  that  other  circumstances  being 
»Iike,  the  intensity  of  sound  will  be  in  the  inverse  ratio  of  ibe  square 
of  the  distance  uf  the  place  of  observation  from  the  sounding  body.  Tbe 
distance  lo  which  sound  can  be  transmitted  through  the  ntmospben. 

ha wever,  depends  iDSDiuedeiTeefinihedirGctioDofilie  wiodandlonl 

eircumstances.  Most  peraoos  residing  in  tbe  outskirts  of  the  city  of 
London  must  have  remarked  that  tbe  strildag  of  tbe  hour  on  tbe  great 
bellatSt.Fuursoathednil  will  be  audible  or  otherwise,  in  certain  aila- 
■tiona,  according  to  tl>e  quarter  from  whicb  tbe  wind  blows.  Under 
favourable  circumatancea  sounds  may  be  conveyed  to  ^reat  distanCM, 
Instances  are  recorded  of  tbe  report  of  a  oanuon  bavmg  been  bolrd 
lliirtv  leognea  from  tbe  place  where  it  was  fired-t 

I  he  absolute  velocity  n-illi  which  sound  is  propagated  must  depend' 
on  the  nature  of  the  medium  by  which  it  ia  conveyed.  Atmosphsnc  air 
being  tbe  general  medium  of  sound,  the  investigation  of  its  condnMiof 


i  ftG'j\Bw  tot  Soi .  \*\s  ■« 


ku  >t  diffeTect  perii>jB  occupied  the  atlention  oE  men  of  science. 
;  Picsid,  nnd  Koemer,  members  of  the  French  Academy  of 
B,  ia  the  tatter  jiart  of  the  seventeenth  century,  made  experi- 
hm  which  they  inferred  that  sound  trHvele  1 17^  feel  in  a  second 
r;  Dr.  Haltey,  and  FInmsteed,  the  astronomer  rojol,  who  pnr- 
e  inquirv  in  England,  were  led  to  the  couclnaion  that  the  com- 
bci^  ot^ sound  was  114S  feet  io  a  aecond  ;  and  this  deduction 
kfirmed  by  the  varied  and  exlensive  researches  of  Dr.  Derbam, 
eqnence  of  which  it  has  been  generally  adopted  by  subsequent 
Vn  this  branch  of  science.  This  statement,  bawever,  is  now 
led  SB  requiring  some  Dorrectioti  on  account  of  the  influence  of 
Kuio;  sod  trom  a  comparison  aftheeipetimeuts  of  Derham  made 
l^.time,  with  same  more  recent  nocturnal  obserrMianB  of  French 
icinu,  it  appears  that  the  actual  velocity  of  sound,  at  theuiroaf 
tture  of  the  cenCignide  thermometer  l_S3  deg.  of  Fahrenheit)  is 
130  feet  in  a  second;  tvliicli  likewise  agrees  with  other  accurate  ei- 
Ka  of  Pioressor  PIctet  of  Geneva.  By  adapting  either  of  the 
I  last  stated,  sufficieDIlj  correct  calculations  may  be  made  of  the 

'  the  former  from  its  eitreme  celerity  being  regarded  as  appear- 
antsneously*  on  its  pruduction,at  distutices  not  exceeding  a  few 
Thus  Buppoaing  a  Bssb  of  lightuing  to  be  perceived,  and  on 
\g  the  seconds  that  elapse  before  the  thunder  is  heard,  we  find 
'■mannt  to  3}  ;  then,  if  we  reckon  the  velocity  of  sound  at  tba 
1130  ieet  in  a  second,  it  will  follow  that  the  Ihunder-oloud 
idistantllSO  X  3.,^  =  3955  feet.  In  the  same  manner  may  be 
ked  the  dietsnce  of  a  ship  at  aes,  if  we  see  the  flash  of  a  gun  fired 
laod  ascertain  the  number  of  seconds  that  elapse  before  the  re- 
Vomes  sadible.  In  defect  of  a  atop-watcb  a  rough  estimate  of 
y  be  made  by  any  person,  by  counting  the  pnlsationa  of  the 
i  the  wrixt,  which  m  most  young  people  in  health  will  amount 
t  f  D  in  a  minute. 

ia  are  propagated  with  greater  or  leas  velocity  tlirough  gases 
Ig  to  their  density ;  and  thus  a  sharper  tone  will  be  produced  by 
Ml  body  in  hydrogen  gas  than  in  atmospheric  air,  and  a  graver 
the  aune  bo<fy  in  carbonic  acid  or  6m4  aii.  \Ti^\vn.iA  "'"*'«■> 

'  SeeTreatiae  on  Opt  la 
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ipirit  of  nine,  or  ether,  are  cspoblH  of  coDveying  lounda  willi  d^sei 
of  facility  iirogiartionHd  to  their  reBjiectire  densitioa.  aa  appenrs  Itom 
eiperimentH  made  at  Arcueil,  nesr  ParU,  by  Biot,  BeithoUet,  lUiil  La- 
pluce,  til  e  first- niEnSioned  of  whom  publialied  an  ucooont  of  tlieir  iiiTeiti- 
gatione  in  1B07.  The  Tapoor  of  etiier  conveys  sound  almost  Dsreadilr 
■B  otmoBpLeric  air  ;  for  a  bell,  the  sound  of  which  in  sir  could  be  hearil 
at  the  distanm  of  1511.5  jaida  was  heard  in  the  vapour  of  etber  U  that 
of  143.7  yards." 

It  does  not  appear  that  the  relocity  of  iraiumigsioa  of  sounds  by 
Uignide  has  been  nscertnined  by  direct  eiperimeala,  ihough  oa  aJiead* 
■inted  soiiorouaTibciitionBUrepropsnted  through  them  freely.  Accord 
iog  to  Professor  Robisou,  the  BQundof  a  bell  underwater  may  bebeud 
nt  the  distance  of  1900  feet.  From  a  calculatiou  fonnded  on  the  lela- 
tive  elasticity  of  water  and  common  air,  it  lias  been  inferred  [hat  th* 
rate  ofrelocilyof  sound  in  water  ia  4900  feet  in  aseoond  ;  in  menaij 
Dearly  the  same,  and  tn  spirit  of  wins  Eomewhat  less. 

Examples  haie  been  already  adduced  of  tha  facility  with  which  solid 
bodies  troDsniit  sounds.  To  these  it  may  be  added  that  BaTogcs,  u  the 
North  American  Indiana,  avail  Ihemeelves  of  this  property  of  solid 
matter,  applying  their  ears  close  to  the  ground  in  order  to  discover  ita 
noise  made  by  approacbing  enemiea,  when  tlie  distance  ia  too  great  bt 
the  sounds  to  be  cooveyed  through  the  air.  Upon  the  same  principle 
ia  founded  the  utility  of  the  stethMcope,!  an  iostrumeot  invented  mubb 
veers  since  by  Dr.  Laennec,  a  French  physician,  to  ascertain  tLa  stIM 
of  the  cavities  of  the  body,  especially  the  chest,  as  to  health  or  diseae. 
It  conniaia  of  a  wooden  cylinder,  one  end  of  which  being  placed  in  coo- 
tacl  with  the  surface  of  the  body  to  be  examined,  and  the  other  leatiac 
against  the  ear  of  the  obsorrer,  then  by  gently  striking  ihe  body  wiU 
the  knuckles  or  otherwise,  sounds  will  he  perceived  iodicalive  of  th* 
existence  of  nbacess,  achirnis,  or  any  other  alteration  of  BtructurawbHb 
may  have  taken  place. 

Dr.  Chlndoi,  a  German  philosopher,  who  diatiaguishtid  himaelf  tij 
his  investigation  a  relative  (o  AcouaticB,  eatimaled  the  velocity  of  Icau- 
miasion  of  aounda  by  the  tone  produced  by  vibration,  or  in  other  wordCj 
by  tbe  maaica]  note  emitted  by  a  rod  or  bar  of  any  subalonoe  wlwn 


^ 
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By  thus  comparing  the  Bomid  of  a  rod  made  to  vibiala  longi- 
r  with  thai  of  a  coliuun  of  air  vibrating  in  a  tube  of  tbe  aam* 
le  Tuuud  Uiat  the  lelooily  uf  sound  io  air  being  repreaBDUd  by  1 , 
:*elocitjof  aouud  traDsmitted  by  tin  Hould  be  -    ^t   I 

^'different  kinds  of  wood  ....  from  1 1  to  17  '  I 

m  uid  glass  appear  to  be  among  Ihe  beat  cooductoni  of  aooii  ' 
foh  (heytiansmil  at  Lbe  rate  of  17.;iU0  fei^t.oTmore  tban  3  milea 

SoaiB  very  intereadng  experimenla  on  the  rapucily  of  anlida  to  coat  I 

It  Bounda  were  made  by  M.  Eiol,  at  Paria,  in  nbicb  the  leaeariih  I 

t  prosecated  b;  more  direct  means  tbau  tboae  last  stated,  and  di^  I 

fot  reBoltii  were  obtaiaed.  itbeuce  tbe  velocity  of  tbe  tranamigsion  of  ■ 

|nd  dtroagh  cast  iron  appenra  to  be  inferior  to  tlie  preceding  eat^  W 

'\     M.  Biot  tmlc  adTtmtage  of  tba  oirciuoatance  of  laying  down    J 

IB  of  caat-iron  pipes  in  tlie  French  metropolis  to  form  an  aqueduo' 

)  feet  to  length.    At  one  extremity  of  the  tubes  woa  fitted  a  ring  oi 

i]  of  lbe  same  diameter  aa  llie  oriGce,  in  tbe  centre  of  whioh  were 

<i  a  eloclc'bell  and  a  hammer  nhjch  could  be  made  to  strike  s(  ntea- 

nch  a  manner  that  the  bammer  would  fall  ou  tbe  bell  and  on 

r  rin^  of  metal  juat  mentioQed  at  the  same  instant:  Ibua  tbeaonndof 

jUttei beuig  truiunittfd  through  the  solid  metal  or  tube  itaelf.  and 

t  of  tbe  former  through  the  aeriid  canal  or  cavit;  of  tbe  tube,  the 

iceptible  difference  of  tbe  time  of  tmosmiasion  by  (he  respiNitive 

■''t    might  be  dolormiaed.     It  was  found   that  by  placing  the  ear 

lat  tbe  other  eiltemity  of  the  pipe  two  sounds  were  aJBlinotlr 

I ;    and    time  heinj;  Tery  accurately  noted,  by  means  of  a  b«- 

i' watcb,  it  appeared  from  a  mean  of  manyexpecimenta  that  sound 

iBamitted  with  about  10^  times  greater  relocity  through  cast  iron 

,     tbrough  air,   traTelling  through  tbe  former  at  tbe  rate  of  11.865 

*  in  s  aeeoDd. 

[E  u  a  commonly-received  opinion  that  acute  and  grave  sounds  are 

mitted  in  all  directionE  with  equal  velocity ;  and  dd  experimeiit 

__i1ijM.  Biot  on  the  ssme  train  of  pipes  that  served  for  thaaa  Vii*. 

)tfnUU  tends  to  confirm  it.    Ha  osused  a  man  at.  one  eV.ieuu.^.'S  Qi.'^ 

tophr  rtiTOaa  airs  on  Ihe  flute,  plMing  himaeW  lA'iie'KOW  «" 
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to  obBSTTe  the  effect.  Now  u  piece  of  muflic  ooolifltin^  of  a  ssriaTflf 
notes  vsrying  from  acute  to  grare  and  the  ooetrary,  and  forming  a  pe- 
caliar  melodj,  odapted  to  a  certain  measure  which  regulates  atrictl^tlie 
inlsnal*  of  Uie  succesaive  tones,  it  must  follow  that  if  at  tha  dUtaoce 
ofSlJO  feet  any  difference  tied  Wen  perceiTed  inlhe  Telocity  of  the  dif- 
ferent Dotea,  the  music  would  have  became  confliaed  and  imperfect  at 
the  dialance  juat  stated.  ITus,  hotreTor,  was  bynomeana  the  oase,tb« 
melodj- being  as  perfect  when  thua  listened  to  as  in  the  immedinte  tbcns 
of  the  souoda.  There  can  be  no  doubt  that  acute  and  grave  soands  ire 
tranamittcd  thtougb  spaces  of  no  very  considenible  extent  without  anr 
perceptible  difference  of  Telocity  ;  for  otherwise  there  could  benosucn 
thing-  as  harmony,  or  the  concord  of  souoda  varying  in  tone  or  piloh, 
eicept  in  the  immediate  vicinity  of  the  soiirce  of  sonnd.  But  that  nfl 
Bounds  pass  with  equal  celerity  through  the  same  medium  to  any  imn- 
ginable  distance  aeema  improbable;  and  more  numeroua  and  pieciss 
experiments  than  have  hitherto  been  made  would  be  requisite  in  order 
to  enable  us  to  decide  the  point  in  question. 

Sounds  certainly  in  some  respects  interfere  with  eaoh  other.     Tbu« 
one  aonorous  body  being  made  to  Tibrale,  all  olbera  near  it  capable  of 

Cdnoing  the  same  tone  will  vibrate  also ;  and  tfaerefore  when  oat 
y  is  made  to  produce  a  certain  nols,  probably  ita  aoniferous  vifan- 
tions  would  be  cbecked  or  interrupted  by  the  emiasion  of  a  ujore  pow- 
erful M  diacordaDt  sonnd  from  snothar  body  near  it.  Henee  WHk 
sounds  generoUy  are  drowned  by  loud  ones  ;  and  on  the  contrary,  dar- 
ing the  ailence  of  night,  many  gentle  sonads  beoome  perceptible  whjel'. 
amidst  llie  din  ariaing  &om  daily  labcpar,  business,  and  pleasure,  esp^ 
oitlly  in  a  crowded  city,  are  completely  stifled  ere  they  c("    — -^ 


Tl-toni  ifMuaical  Soundn. 


possH^^H 


Most  persona  in  whom  the  senae  of  hearing  is  perfect  posi     .^^__ 
facul^  of  disting:uiahing  certain  reladooa  between  sounds  diSer^^Jt 
tone,  that  ia,  being  looro  or  less  grave  or  acnte  one  than  another ;  snj 
such  persona  are  said  to  bare  a  ntiiical  ear,  or  on  esr^iir  muiic,'  becanag 


&. 


lO  coDsiaC  of  combmations  of  si 


1  by  different  inBlmmena.  and  tlie  peculiar  circumstances  on 
irUoli  their  mutuil  relations  depend,  will  now  betlie  Bubject  of  inves- 
igUicin. 
'   It  bui  been  already  stated  that  tbe  character  of  a  sannd  Hs  to  gravitj 

Made  bj  tbe  aounding  body  and  theaca  piopagated  through  the  air,  or 
poma  other  medium,  to  the  ear.  A  eonoraua  body,  an  for  instance,  ■ 
Itell,  the  dimeosiona  aod  general  form  of  which  remain  unaltered,  will, 
TriMD  Btrack,  uln-ays  emit  the  same  sound ;  for  though  its  aonoraus  ri- 
Inationa  may  be  more  or  less  ponerfnl  according  to  the  manner  in  whicb 
it  is  struck,  they  will  always  be  isochronous,  or  equally  numerouB  in 
.•Bqnal  limes.  Suppose  then  a  aeries  of  tbree  belU  to  dilTer  lelativety 
b  UM,  BO  that  the  largest  should  ribrate,  when  struck,  '256  limes  in  a 
«eeond,  tbe  next  51S  tunes,  and  the  smallest  1U94  times,  it  noold  be 
fcond  that  the  first  bell  would  yield  the  Bound  or  tone  called  middlt  C 

ra  whBleverof  the  ploKurB  generally  e*clt«l  by  snccessioBs 


i  fOr  It  would  be  dUBcalt  to  point  nut  any  motive  wblch  conid  in- 
(MApenantocanaterfeitan  insensitiilitytothe  '*  concord  or  sweet  soimda," 
m  «nter  of  Oiii  note  beard  a  clerEynAu  of  bis  acqu^ntSDCD,  alter  hartag 

sintiiie;  of  Catalan!,  declajetliat  be  was  utterly  unable  to  aacer. 


•At  Krtaiag  tbat  be  thousht  Urn 
___-  or  Oie  Dt^er.  IC  is  deserving  of 
Maeacal  talent  have  been  dssUtitte  of 
be  celebrated  poet  Pope,  iuib  of  the  i 
'   -      -  existed,  who  i 


JlaitKaDott,  tliDUBb  uot  Inc^ble  of  eojoying  musiD  wh( 
— ~  ~terly  onitble  to  acquire  a  practical  knowlcdB^  of  i 
iluvingbei      ■  ■     ■■     


if  a  vrandsrln  g  fldiUer. 
I  performed  by  others. 


Eo  placed  under  tbe  tuition  < 


nenoundt 


ji,  Whea  itRD^  bar*  tfae  t^oe  iliiwllii  *oA  tb«  same  leagtil,  ill* 
mukbets  of  tbvd  ribntHBa  lad  rdatRs  toiiMirill  be  in  th«4inctn(io 
of  iIm  aqnue  loobi  at  itn  wvi^iU  bjr  wUeli  tbev  an  atiMoKed. 

'  'w  ccnMtred  tbat  a  sCri^  Bav  lie  Bxteoded  so  iteeUf , 
to  Tibrale,  no  aodiblc  sound  will  be  [nntaecil ;  mi 
fivm  experinwoOl  otHerratiaiu  it  mar  be  inferred  ihu  a  Uring  ribnt- 
ing  Ina  than  ihirti-tiro  tiaws  ia  a  Mcoud  *iU  not  yitid  ■  pen«ptihU 

Columns  of  ur  inclndcd  wilbia  tnlies,  wfaen  thnnm  iata  tbc  rtM 
Erf  (ononHu  >ibnIion,  jield  tmioa  beuiag  certain  nlali<wa  to  Arif 
lengths ;  and  other  ciieunucaDcea  iiiaiainiMi  onalterad,  a  tubs  ctf  Mr 
Itb  capable  of  Yielding  a  jmsical  tone,  will,  when  jmiactiW 
eagth,  rield  a' tons  an  octare  bishFi  than  ba&H*.  Thi  ^ 
h wins  scale  will  show  the  leUtive  Im^thc  of  open  tp""—  — ■   i.at»M — 


'frftl^ 

^ 

^Pm 

:P  =  =  =  =  S^^-^^ 

mm 

-!=  =  =  — ^  _„n»;'""== 

Those  who  bnye  any  acquaintnnne  witli  musioul  nolatinQ  will,  on  ia- 
UpBc^aa  of  the  prer'eding  bible,  pereeive  (hat  the  third  and  fourth 
«mss  macked  with  the  treble  and  bass  cUfn,  with  the  single  line  be- 
\i.  iacludi!  three  octaves,  while  the  lines  nhove  the  treble  def 
d  those  hfllon-  the  bags  clefmay  all  he  considered  aa  so  man^  ledger 
ga>  Persons  who  have  no  Vnowledge  of  musin  may  be  informed, 
tt  this  Bcsle  of  nine  octavea  not  only  includes  the  atmoat  mn^e  of 
i«s  erer  employed  in  practice,  hut  also  that  the  notes  at 
BTexttomityofihe  scale  are  nirel_rintroduc8a,,\su\.lew\w*i»=i»5*i 
g  nispted  for  the  prorliiction  of  such  tones.  .- 

<e  aaaibm  s(  tie  Jotlom  of  the  foregoing  scale  iatt«»ft  ftie™"' 


in  H  aecDDd  by  tbe  sevenl  colunnt 
re.  Sonorous  ribrnliona,  lilce  tboM 
er  side  of  the  point  ocrupied  br  tha  vi- 
len  ID  tbe  alBte  of  Teal.  Suppoee  A  B,  in  tbe  niBrguiB] 
figure,  lobe  an  extended  stringer  wire  ;  if  it  be  dnwn 
aside  to  C,  and  suffered  to  vibrate,  its  oscillatioDB  mil 
curry  it  alternBtely  od  either  eide  of  llie  central  point 
E  ;  and  il>  pasaage  Irom  C  to  E  maj  be  lermed  a  !»• 

tum  Rill  cauae  it  to  proceed  to  D,  and  cbus  a  oomplece 
vibration  must  include  a  certain  spnceon  eitberadaof 
thecentnl  poiol  or  line  ofrest,  to  wbicbtbe  string  vSI 
graduallj  return  BB  its  motion  piogTBBaively  declinet 
lliroupb  the  reaiatanca  of  tbe  air.  If  we  rutujder  At 
iDBimor  in  wbicb  sound  ie  propaguted,  it  irill  be  mini- 
fesl  Ibot  it  can  only  alject  our  ears  by  mean!  of 
for  tlie  sonorous  undulations  of  air  or  any  other  CBH- 
I  consist  of  contractioDs  and  dilataliona  Ibrou|fb  iudefi- 
nitelr  minute  spaces :  and  tbe  impression  of  any  particle  of  sir  on  llw 
druni  of  tbe  esr  must  be  made  m  its  aemi-vibralion  towards  tbe  su. 
while  the  corresponding  senii-vibratioo  will  set  in  the  opposite  diiwi- 
tion.  Hence,  in  estimating  (be  relatioDs  between  tbe  (ones  of  a  MHiDr- 
oui  body,  aa  the  string  of  a  harp  or  pianororls,  aad  the  number  of  ibj 
iaochnioalvibrations,  itiauBua!  to  reckon  the  complete  vi 
therefore,  the  number  of  effective  or  perfect  vibrations  .     ^ 

each  of  tbe  notes  in  the  preceding  scale  will  be  just  half  the  naml 
stated  at  tbe  bottom  of  the  scale  ;  and  iheae  numbers  wi" 
Kith  those  of  the  sonorous  vibrations  of  bells  mentioned 

Musical  instruments  yield  not  only  octnTeB,but  eUo  a  variety  of  i 
termediate  loneB,  which  have  certain  relations  to  eacb  otlier ;  and  ' 
difference  between  one  tone  end  another,  is  termed  an  interviL    Wl 
two  tones  or  notes  sounded  together  produce  an  s^aeable  effect 
ear,  tbe  combinatloa  is  called  a  musical  concord  ;  and  vrbeo  the 
ia  disagreeable,  it  ie  called  a  discord.     It  appean  from  eiperii 
thni  any  two  notes  will  form  a  uonsanauce  or  concord ,  more  or  lesi 
/evi  ia  proportion  as  the  relation  between  the  numbers  of  their  r. 
t/ons  is  more  or  less  iimpU,  Thua.it  oriano\eii'iia«wi\^i*».nud 
^n'bnidoae  double  that  of'thoBelielonsws**''*''*'™"*****^! 
""  '      u  octave  to  tbe  lartei.and  ilieii'=ftrt««™»'«*^"  "" 


25» 

)  M  1.  1<  ]itu  been  slreudy  iliown,  thai  aaj  eenee  nf  vibralioaB  suc- 
CCMiTely  duplicntBB  of  those  preceding  them  will  form  ao  many  ot  tares, 
at!  denoted  in  the  gamut  or  muaical  alphabet  by  die  seme  letter.  In- 
deed the  sgieemeut  between  notae  produced  by  series  of  Ttbrsiioua, 
irheo  tbosH  correspond ing  wiih  i!ie  bigher  or  acutei  note  are  exsctly 
ilooble,  quadruple,  flight  times,  &c.,  those  corresponding  with  the 


i  so  pel 


lidered  as  hsving  the  same  effect  with  uotea  whose  vibration*  ore 
equal,  and  which  are  therefore  said  to  be  in  uoiaon.  'i'he  conunan  mn- 
iual  scale  or  giimul  includes  seren  intervBlB,  between  one  octave  and 
tlie  DRXC  shore  or  bdow  it,  and  conseijuently  it  consists  of  eight  notes 
loHng  in  the  two  octoies.     TUese  notes  have  been  distinguished  by 

for  teachers  of  music,  in  this  country  at  least,  to  designate  the  nates  by 
the  first  seren  letters  of  the  nlpbabet,  and  thus  the  octares  are  alwaya 
dsnominited  by  tlie  same  letter  as  that  from  which  the  ai;ale  begins. 

In  any  iedei  of  notes  or  tones,  the  numbn  of  carresponding  vibra- 
tions wUl  always  increase  in  a  certain  ratio  to  the  increased  acuteness 
of  lone  ;  nod  on  the  other  hand,  if  the  notes  be  produced  by  a  string 
of  ■  given  dismeter  and  tausion,  its  length  must  decrease  in  prc^rltou 

IS  between  the  Qumbera  of  sonorous  vihr»tions  and  the  langtba  of 

j»  required  for  the  production  of  the  notes  formiog  a  single  octave 

nil  appear  from  the  following  table  of  the  notes  of  the  gamut,  or  din- 


unbec  RelaU 


is  usnoUy  attrWnitcd  to  (i\ 
thefiTBtautftotnttic  Ri4(.    .,  . 
iJtin  tlymutoSt.Johtlttie  B»i)t\M--.s 


I 


a  60  ACOUSTICS. 

Such  is  tlie  maBioiil  scale  tbsi  appeiri  to  be  fomided 
between  Bouoroua  libraliona  and  Itae  peroepiife  powan  of  duo  ;  fat  it 
bw  bean  i^eiuinUy  lulopted  with  slight  modificMJoiia  bjtbtiBbattanli 
uf  all  coDDtriiis  idtb  wbosemuaic  Ha  hare  sd  j  aoqaaiDtuics.  A  cam. 
pariion  of  this  table  Trith  tlie  scale  of  actaves  in  ■  preeedin^  p*^v3 
abow  how  the  gamut  niaj  be  applied  la  aocceoire  octBra,  the  ooM 
in  every  octave  beiog  divided  by  aimilar  intervals  from  each  odxt. 
Tb^  eight  or  ratber  aeveti  Doles  of  the  gamat  (the  last  bsing  an  onan 
of  the  first),  nro  not  boivever  separated  bvaqnal  iniarvala.  Unobarrv- 
lag  the  lelaliona  between  the  different  numbers  of  vibratioiiB,  wa  Ml 
6ad  that  (be  rektion  or  inlervnl  between  C  and  U  is  as  8  Id  9 ;  ital 
between  D  and  E,  as  9  to  10;  between  K  and  F,ns  15  to  16;  betwMi 
P  and  G,  aa  B  to9;  between  C  and  A,  as  9  to  10;  between  A  asd  B. 
W8  lo9;  and  that  between  B  and  C.  as  l5to  16.  Thus  it  appMM 
diat  tbs  intervala  g,|,^,  J,  and  i,  are  nearly  equal ;  and  they  are  tL>i»- 
fore  regarded  as  wbola  tones  ;  hut  the  intervnlB  f  and  £  are  bat  htdi 
more  than  balfeitberof  the  others,  and  bencse  they  are  named  aemi'tones. 
In  trunipoBiDg  pieces  of  maaic  from  one  key  to  another,  attention  inial 
he  paid  tolheplai^ea  of  the  semi-tones,  and  henoa  the  piiacipDl  use  oftti 
marks  CRlled  flals  andaliarpa  ;  the  effect  of  which  cbdhoI  be  underKOod 
iritlioiil  same  practiesi  acquaiatance  with  music.  But  tbougfi  ihii 
l^mut  or  musical  scale  maybe  considered  as  the  groundwork  ef  ill  i 
exialing  music,  it  muat  lie  admitted  that  it  does  not  agijiear  to  ban  I 
been  always  known  or  adopted  in  its  present  state,  hut  to  haire  ht- 
taeily  eonajsted  of  tlioae  notes  only  which  are  aepanited  by  DOmplaU 
intervals  or  wbola  tones  ;  for,  in  the  old  Scotch  and  Irish  tunes,  Ou 
Hami-tonea  are  wanting,  and  hence  the  peculiar  effect  of  the  national 
tnuaio  of  our  northern  and  westera  neighbours.  And  it  haa  bam 
stated  that  the  oldest  national  airs  of  the  Orientals,  the  ]ieaple  of  tbt 
North  of  Europe,  and  even  those  of  the  Italians,  uJiibit  the  sameebl- 
nteteriatiD  omission  of  the  notea  F  and  B,  thus  increasing  the  inlarfrii 
now  occupied  by  the  semi-tones  in  the  received  scale,  soaa  tonukettMB 
exceed  wnole  tones. 

The  combination  of  notes  into  a  successive  series,  in  which  omb>- 
sical  tnnu  or  sound  is  heard  at  a  time,  conatitutes  melodj  or  •&  la 
iBOiic;  while  the  sjnchtotiouB  ^oinwotm  oS  »™iAa,oT  IbaimiMBf 
two  nr  more  sueceasiona  ot  muav^A  ^oo»^»■>«^™^*^B^.     ■ 

neicdy  end  hannony,  woxaxa.^  ^V^    i 
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ic  simple  and  unaccompuiiud,  und  I 
II  Hnd  uiliBcisl  form. 

erf  harmojij  or  compoiitioji  of  ac 
li  DU  ucqueiDlBDce  with  ihe  cocicoi'da  uid  discords 
j  ;  in  didor  tbnC  the  composer  may  know  iiow  to  ia- 
le  tham  in  such  n  maiinec  as  to  gratlly  the  ear  and  produce  the 
a  effect.  Next  to  iJie  DCtare,  the  most  perfect  coDSonHace  o! 
is  (hat  produced  whUE  the  numbers  of  the  vibtations  uf  two 
notes  are  in  the  lUtio  of  3  to  2,  or  when  the  lower  note  is  farmed  by  a 
tWing  or  other  soooroDS  body  wbicli  makes  but  3  vibrations,  while  the 
Mdng  forming  the  higher  note  makes  3  vibratioDs.  Such  a  conoord  in 
cijled  a  fifth,  as  g  in  the  preceding-  tables  C,  the  lower  note,  heia}; 
formed  by  a  string  which  may  be  1  foot  in  length,  and  G,  the  fifih  note 
above  it,  by  a  similar  string;  only  j  of  a  foot  in  length.  If  the  ratio  of 
the  vibrationa  be  aa  .'i  to  4.  lliat  is  if  the  lower  oote  makes  4  tibratioas 
in  the  same  time  that  the  higher  makes  5,  the  concord  called  a  third 
vriU  b«  pioduofld,  as  s-  Whoa  tba  ratio  of  [he  vibrationa  is  as  5  to  3, 
',  "Aa  lower  note  mnking  3  vibrations  while  iJie  liighec  makes  5,  the  aon- 
J  ^Mrd  called  a  siitli  will  be  produced,  ns  %.  And  if  ll;e  ratio  of  th»  vi- 
I  ilKrnions  be  aa  4  (o  S,  the  lower  note  mailing  3  vibratioiis  while  the 
(,  [he  interval  will  be  a  fouiCb,  aa  f  which  ia  aomelimes 
eokoned  a  concord,  aa  die  effect  in  harmony  is  not  uupleaaing.  The 
LB  obsoivatiDn  will  apply  to  the  minor  third,  in  which  the  ratio  is 
hatofStoCaaJi  and  the  minor  sixth,  in  which  the  ratio  is  as.')  to  8, 
},  the  lower  note  K  making  5  vibrations, while  the  higher  C  makes 
The  discords  are  the  second  and  seventh,  the  fonnerof  which  pro- 
MluMd  by  two  nolea  sonnding  together,  the  interval  between  whicli  ia 
or  a  semi-tone,  ia  particularly  disagreeable.  The  mnjor 
le  discord  produced  by  nolea  whose  vibrationa  aie  in  the 
If),  as  c  I  and  the  minor  seventh  is  also  a  discord,  ariairtg 
fboBO  vibrationa  are  in  flie  ratio  of  B  (o  15,  aa  S  -  holh 
netimeg  introdaced. 
The  absolute  number  of  vibrations  necessary  to  constitute  any  given 
an  scarcely  be  determined  with  perfect  accuracy  ; 
m  lor  the  tone  of  an  inatrnment  which  might  ha  preanmed  to  be  qaroiB.- 
ir  an  orgnn-pipSi  can  hardly  bo  Ba\ipjael.X.ii\ie  "aE*-*"^****- 
'  jsides  which,  Iheramn^'hooi.VBKiw™'**'*^"™ 
ibJ  variation  in  the  ininAiBi  ot  *'*'  wyiviw 
Nor  ia  it  proUMfi  liuA  -Cfia  ^*irt«'»^ 


S6S  ^^^^^^^1 

itring  or  wire,  under  the  atune  cirFumataaeos  of  length,  dinmdl^.'iiu} 
'  Liiaa,  would  yield  exncllv  tlie  rome  number  of  sonnroas  Tibrahmn, 
different  atntei  of  the  atmosphere,  aud  under  different  depeea  of 
lemperoture.  Hence  considerable  difficulliea  would  attend  any  attempt 
to  Bacertain  bj  experiment  the  relations  betvi?en  aoonda  or  tones,  and 
the  ribratioDS  of  the  sounding  bodies.  It  appeaia,  however,  rrom  a 
paper  iu  the  Memoin  of  the  Koj-al  Academy  of  Sciences  at  Berlin, 
IBt3,tliat  some  results  hare  been  obtained,  aethe  fruit  of  eitpeiinienEi] 
rssennlias,  which  agree  as  nearly  ai  oould  be  expected  irilh  tbeocelical 
eatimates  previously  made,  and  which  may  therefore  serve  as  the  basit 
of  future  calculations  of  the  numbers  of  sonorous  vibrations  eorre- 
aponding  with  the  different  tones  and  aemi-tone<i  of  the  musical  scale. 
The  tone  or  note  whose  corresponding  vibrations  have  been  made  the 
particular  object  of  investigation  is  ihnt  marked  A,  occupying  tba 
second  space  from  the  bottom  in  the  stave  distinguished  by  the  tr"^'- 
olef,  being  the  note  produced  by  the  sacond  string  or  smallest 
one,  of  the  violin,  and  a  sixth  above  middle  C  of  the  pianoforte, 
following  me  the  numbers  of  the  vibrstiona  or  waves  in  a  seooad 
aeoted  with  the  note  in  question,  as  deduced  from  obaeiTBticM-) 
in  different  orchestras ; 

Theatre  al  Berlin  .        .        .  437 .3i 

Ilaliau  Opera  at  Paris        .        .  4i4.17 

French  Opera        .        .        .  431.34 

Comic  Upsra    ....  417.61 

The  differences  between  these  numbera  sari 
marks  already  made  on  the  difficulty  of  deciding  by  experimeDt  di«4i 
solute  number  of  vibntiona  which  may  tate  place  when  the  percepdN 
of  any  given  tone  or  mu^cal  sound  is  produced.  Still  the  results^ 
tained  are  valuable,  as,  by  comparing  them  with  calculations  made  ta 
digram  grounds,  measures  of  the  ratios  of  sonorous  vibratioiu  n^bi 
deduced  which  seem  deserving  of  confidence.  The  number  4S6|  li 
nearlva  mean  between  those  derived  from  tbeobservatioasmadaiBd* 
Puislan  orchestras;  and  by  adopling it  as  thai  of  the  number  of  ana» 
'  qw  rtbnitioni  coiresjkondmg  to  the  note  A  Ibrmed  bv  the  second  M 
^  'lieri'otiu  irAca  open,  the  number  tSGwiUtw  oWtiwAuthatH 
ittag-tht  ribrutiona  oonneded  with  m»44\e  C.  ut  ■im  ttt4»\ii^ 
*iacn  the  ribntioas  ot  A  az«  laibWi^A  C»i.3*-*  ■*— 


et  bang  436  j  in  ■  second,  those  of  tlie  Ullermuat  be  ^5(j ;  bsffl 
B,  iB5:49b| :;  S  :  £56.     >luw  lh[s  last  number  being  tat^eD  to  re^^ 
jBttbe  vibrationa  DOrreipODding  to  tbe  note  C,  raaikeil  in  nit    ' 
be  tenor  clef,  the  octavegintbe  descandiog  ot  iucending'  ncalei 
enoted.  by  aumberB  wbicii  are  so  man;  duplicate   lUallipleB   of 

hen  an  exteuded  stiiuc  is  made  to  vibrate  by  striking  it  or  draw- 

urosa  it  B  riotia-bon-.itwill  yield  n  tone  dependtn):  on  it 

I  and  tension  ;  but  begidea  tbia,  wbicb  may  be  railed  the  fun 

lal  tone,  the  siring  will,  when  the  vibrslian  is  caused  bj  strikin^l 

nit  not  only  its  fundamental  or  proper  note,  but  alao  other  relatiTfl  M 

I,  eapeoiallj  the  tbiid  and  Ibe  fifth  above  tbe  proper 

■ino&ce  of  Ibeae  relative  tones  with  tbe  principal  one  depeuda  ol 

solement  of  vibrationa  corresponding  with  tbe  divisions  of    ' 

gwliich  would  form  the  principal  concords  to  tbe  fundaniBntal  ni    _ 

m  the  atringis  made  to  vibrate  by  means  of  a  vialin-boit  thesoun^^ 

nple  and  distinct,  arising  from  tbe  funi^ameotal  tone  only. 

>  lingle  string  of  a  harp  or  pianotorte  bo  Btmck,  other  strings  of 

tame  instrument  tuned  in  fifUis  and  tbirda  to  the  former  will  he 

wa  iaiD  the  state  of  sonorous  vibration,  and  as  the  original  tone 

mea  weaker  the  relative  tonea  or  Bvmpathetic  roncords  will  be  mors 

net]]'  perceived.     1*he  effect  produced  on  strings  by  the  vibration 

Mher  strings  near  them,  tunnd  so  as  to  form  concords,  may  be  visibly 

lODstrated  by  placing  amall  bits  of  paper  bent  into  tbe  forca  of  tbe 

jr  V  inverted  thus,  ^,  on  one  or  more  sCrings,  ao  tuned  tia  to  yield 

Mmootave,  a£lUi,orsthird  above  a  particular  string;  andoncau»> 

tbe  latter  to  vibrate  strongly,  the  other  strings  will  auffer  correspond' 

willappeurfronilhebitsofpaperfaltingoff.  Henceaio- 

ffeots  are  sometiinaB  produced  hy  the  sympathetic  influence  of    I 

la  TJbratioDS.    An  account  of  some  remarkable  experiments  il]af<>    I 

of  tbe  subject  ander  discuasioD  is  given  by  J.  B,  i'    "       ■   -    ' 

pbilOBDpher  of  the  seienteentb  century  -,  wfiicb  are  t 

^      J  of  notice,  as  they  are  circumstanliiUiy  recorded.     After  obsenr-  J 

'tiiat  ■  ^sss  cap  or  goblet  may  be  broken  by  a  man's  roico,  tbewi 

'      "First  of  all  it  ia  neoessary  that  the  tone  which  the  glas 
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adsptMl  to  vield  itliould  be  sacBrtuiDed  by  ring^^n,  -  .  ..j.^-, 
bf^ving  It  u  slight  fillip  with  the  fiagei;  tlien  lIie^okfelli^gB 
modHteil  to  that  tooet  and  f^Bduallj*  Hugmeitted  in  loudness  uid  j 
to  the  ootava  ubuve  tbe  original  toue,  the  imjiBrceptible  minute 
cles  of  tbe  glass  sbalieD  by  r«it«nited  coticuEsions  will  he  ngituta 
tiemuloUB  undulations,  whicli,  incTeasing  by  tbe  continued  ope 
of  tbe  souoUBBJons,  will  at  length  atliin  suob  force  tliut  the  glu 
fly  ID  pieces.  Same  c nation  is  neceessry  in  tbe  ebaiaeof  nglus, 
would  be  quite  clean,  free  from  any  lines  or  flows  on  tbe  Buifaci 
ospnble  of  yielding  such  a  tone  when  simck,  as  tbe  voice  of  the  ii 
dual  making  the  tnal  cau  easily reacb."  Anotlier  eiperiment  eib 
at  tbe  ssme  time  or  plaice  i^  auo  tlius  deacribed  :  "  Two  glaea  g 
are  to  be  procured,  into  which  water  is  to  be  ponred  to  the  d^ 
two  or  three  inches,  lud  they  must  then,  by  the  addition  of  morti 
V>  one  or  tbe  other  as  may  be  requisite,  be  made  to  yield  the  sam 
when  struck.  Tbis  bnving  been  effected,  if  a  small  portion  of  ban 
be  placed  across  tbe  edge  of  one  glasa,  then  on  rubbing  the  edge 
Other  lightly  with  a  wet  finger,  the  sonorous  ribrstions  tbns  a: 
Vrill  be  communicatDd  to  llie  glass  nith  the  wire  on  its  edge,  and 
SDued  ia  produced  tlie  light  fragment  of  iJie  wire  will  be  seen  dt 
89  it  were  to  the  music  of  the  glasaea."* 

The  BonorouB  ribiBtiong  of  plates  or  disks  formed  of  elastic  BoiJ 
glasB  or  metal,  msj  be  traced  and  rendered  risible,  by  methods  pi 
out  by  Dr.  Cbladni,  wLose  researches  concerning  the  docbi 
Acoustics  bcve  been  referred  (o  etsevrhere.  He  ascertained  that » 
might  be  elicited  from  plates  of  gless  ground  smooth  on  tbe  ed^ 
drawing  the  how  of  s  violin  over  any  part  of  the  edge  of  such  a] 
and  that  when  sand  had  been  prerion sly  etiewedoiertheiurbce 
'    f  late,  it  would  become  arraoged  in  certsin  lines  according  to  die 
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!fng  the  Tibrating  pUle.  whicb,  proceeding  from  the  more  fixed  to  tlie 
'-{■Uted  parts  of  the  plate,  pnas  apn-arda  and  inrolve  ia  their  vortex 
ly  light  pattidoa  of  mattac  wMoL  they  BncouDler.  He  showed  that 
Aoorrent  of  air  could  be  interrupted  hy  walla  of  Gsrd,  when  the  light 
Kulea  took  different  diiectiooB.  JleoDBerveii  that  particles  of  heavv 
ibvtBiiaeR,  OS  aandiWeoI  to  the  lines  of  real  because  the  currpnt  of  sir 
■■  too  weak  to  carr;  them  in  ita  (^otirse :  but  that  light  bodies,  bb 
iwdar  of  lycopodium,  being  easily  affected  by  the  air  in  ita  motion, 
used  in  n  coolrBrj'  direction.  In  conlirma^oD  of  this  view  of  the 
ll^ect  Mr.  Faraday  stated  tliat  when  plnlfs  are  made  to  vibrate  in 
ater  instead  of  air  the  effect  ia  different,  ii articles  of  saud  bemg  then 
■tied  from  the  qnieaceut  (o  the  Bgitated  parts  of  the  piste,  as  the 
^ter  particlea  were  in  air  ;  and  alao,  that  wheo  plate»  are  made  to 
ibrale  in  a  vacuum,  even  the  lightest  particles  pass  to  the  lines  of  rest. 
tere  being  no  current  of  air  to  sweep  them  iuUie  opposite  direction.* 
Theee  peculiar  figures  formed  on  vibniting  plates,  though  apparently 
nulling  Irrini  aimple  causas,  present  aometimes  singular  apptAmneen'. 
be  arrangement  of  the  lines  of  sand,  or  other  substances,  depends  on 
le  mBBner  in  which  the  vibrating  plate  is  supported,  and  the  point  at 
rhich  the  Tiolin-how  ia  struck  against  ita  horder  ;  as  also  on  thi~  ^ 

la  nature  of  these  figures  may  he  derived  from  the  auneied 
Bitltioni ;  the  first  figure  being  produced  by  holding  a  squari 
FelasB  with  8  pair  of  tongs  in  the  centre,  audpsBBing  the  bow  o- 
liddle  of  the  edge  at  either  side  ;  and  the  other  arrangements  d 
K  the  abape  of  the  plate  and  the  mode  of  atrildng  it. 
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i  of  the  resonances  di  sympathetic  prop^Htioa  of 
onndi,  that  la  u  larp^  Bportment,  tones  ate  someiimee  enulted  from  tha 
(Tills,  floor,  CDiliag,  ot  i'liruituro,  owing  to  the  exuitemeat  occiisianed 
hf  tlie  tons  of  au  instruueut  or  a  msn's  roice  acting  on  some  object 
adapted  to  yield  a  toav  in  concoid  with  tbeoriginnl  tone.  It  may  even 
be  observed  that  one  part  of  a  Aoor  or  any  other  vurfnce  will  be  thrown 
inio  the  state  of  sonerous  vibration  h 
forant  sound ;  and  tbo  trerauloua  i 
objeats  may  be  peraeiTed  by  the  sense  of  touch. 

The  ancient  Romans  were  well  acquainted  with  the  doctrine  of  !«• 
donances,  and  availed  themselvea  of  their  knowledge  in  order  to  &cili- 
taietbe  propagation  of  sound  through  their  thentres.  The  method  Ihay 
adopted  was  to  inclose  in  the  walla  of  those  buildiugs  hollow  globiUn 
TesseU,  so  fixed  as  to  be  excited  into  sODorous  vibntiou  by  the  voicei 
of  the  actors,  and  thus  add  considerably  to  their  effect. 

Muaical  instruments,  bowmtich  soever  Ibey  may  differ  one  from  an- 
othur  as  to  the  mBcb>nica1  modes  by  msans  of  which  they  are  made  to 
procure  soniferous  vibrations,  have  one  common  propertv.  nninelv,  that 
Ihev  nil  yield  the  same  tone  relatively  to  the  numbers  of  their  'vibrM 
tions.  Hence  the  term  concert  (litch,  or  the  sound  of  a  fiindameaul 
note  corresiiondin);  to  a  certain  number  of  vibrations  performed  in  • 
givoD  tinio  by  tht>  aonoroas  purls  of  several  inBtnimenCs  which  >ra  U 

for  obtaining  an  invariable  tone,  frooL  which  they  may  compare  and  re* 
gulate  any  number  of  initruments  to  be  used  in  concert;  and  the  teas 
of  this  note  being  decided,  they  proceed  to  adjust  the  strings  of  vialiiia> 
violoncellos,  and  other  auch-like  instruments,  so  thai  they  may  all  eor- 
respand  with  each  other  as  well  as  with  those  inBtrumentB  which  hy 
their  construction  are  fitted  to  yield  permanent  tones.  This  opentiaa 
ia  called  tuning,  or  putting  instruments  iu  tune.  Sometimes  the  fun- 
damental nofe  is  ascennmed  by  means  of  a  pitch-)>ipe,  which  ceonali 
of  a  tube  capable  of  being  lengthened  or  shortened  at  pleasure  by  th« 
introduBdon  of  a  moveable  plug  :  so  that  by  blowing  into  it  at  tbs 
month-piece,  either  of  the  notes  ofthe  gamut  mav  he  produced.  AnoCliar 
instrument  for  obtaining  fixed  and  determined  tones  is  the  monochoiM 
wliich  is  merely  a  siring  or  wireof  giren  length  end  diameter,  i 


*  t^oio  tAe  Greek  Mouofi, one;  anft'Xoplti.Mawii,' 


ner.  theM|^_ 


MUSICAL  isstrpme; 


26f  1 


M»  of  which  may  be  regulated  hy  certain  weighta  hanging  from  ona 
Iv  while  ihe  body  of  the  Btrirg  pssaea  over  twobridsea  or  other  solid 
ports,  and  the  other  end  ia  firmlj  secured.  But  the  must  uaual  in- 
■^nt  employed  by  muaioians  as  Che  index  of  a  fandametittd  tone  id 
l-^itjled  the  tuning-fork.  It  is  a  steel  rod  curved  nearlj  into  lh« 
"(frof  ■  BHgar-tonga,  but  baring  a  short  handle  fined  to  the  conva* 
of  Ae  carved  part,  and  teiminaimg  in  a  knob:  it  may  be  made  to 
t  aoaoToas  ribrstiona,  if  it  be  held  by  the  handle  90  aa  to  leave  the 
igsfree,  and  alter  striking  one  of  the  prongs  aniartlyageiiigt  the  edge 
•  table  or  any  other  solid  body.  Betting  the  knob  ngainat  the  leble. 

fcBO'und  or  tone  emitted  must  depend  on  the  dimensianfl  of  the  rod 
■  pionga  ;  those  that  are  used  for  toning  pianofortes  or  harpsi- 
'  yielding  the  tone  called  middle  C ;  and  other  tuoing-forkA 
^^  „  the  eiith  above  it,  or  A,  (he  note  B-hich  ought  10  he  prodnced 
l>e  aecond  open  string  of  the  violin,  iriience  the  other  seringa  of  that 
nmient  are  adjasted. 
CnimenlH  of  mngic  nnj  be  Bmmged  in  classes,  accordmK  to  their- 
or  modes  of  action.  It  will  be  sufficient  here  to  diatingBiBh 
into  stringed  instruments  ;  pulsatory  instrumeutB,  including 
dnuns,  &c. ;  those  in  which  sound  depends  on  the  vibrationa 
■tic  rods,  hemispheres,  or  plates  ;  and  wind  itistruments.  The 
jei  of  the  first  and  the  lust  of  these  classes  are  extremely  na- 
is;  nod  many  of  Iliem  were  invented  at  a  very  early  period. 
I  been  qnestioned  which  of  the  two  may  be  justly  reckoned  the 
ancient.  A  recent  ingenious  writer  seeme  inclined  to  decide  in 
r  of  stringed  instruments.  He  soys,  "  The  lyre  or  harp  is  sorely 
■wient  aa  any  inatmment  on  record.  The  mTthotogist  ascribes  the 
lof  procuring  sound  by  the  vibration  of  a  string  to  Apollo  ;  which 
WCflnaorinus  to  have  suggested  itself  to  hinion  his  hearing  tte 
of  the  bow  of  his  sister  Diana,"*  Among  the  principal  varietiea 
led  iustrumeots  are  the  violin,  tenor,  violoncello,  and  double 
all  which  the  relative  gravity  or  acnteness  of  the  tones  ihey 
depends  partly  on  the  tension  and  diameter  of  the  strings,  and 
f  on  their  lengths,  which  are  regulated  by  stopping  Ihem  in  (e(- 
ports  BuocBsaively  by  the  application  of  the  fingers,  principally 
tbe  neck  of  the  instrument,  whila  the  stopped  m  o^eu  ««' 

ort  made  Science  in  Eaineat..   ta..  I'W^.'* 
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may  happen,  is  miide  to  vibTate  by  diawiug  M 
hgrseJiiiir.  As  more  thnn  ooe  string  may  be  pat  into  the 
ruus  vibration  at  one  tiuiB,  Larmony  or  musio  in  parta,  s 
lody  luny  be  elicited  from  the  vialiu  and  similar  instrami 
hiindH  of  skilful  performers  the  violin  exiiibita  unrivalled  powara;  u 
thoee  iThD  have  wilnesaed  the  laagiCBl  execulion  of  PegaDini,  will  in 
general  be  readily  disposed  to  adiuit.  Those  nho  have  never  beud 
him  may  acquire  some  laintidea  of  bis  extraordinary  skill  from  lbeci> 
cumsCance  of  hia  being  able  to  produce  sbuudaiice  of  excellent  mnni 
from  his  instrument  af^r  having  mnde  a  monocbord  of  it,  by  taldng 
awsy  all  the  strin)^  except  one.  I'be  guitar  somewhat  reaemhlea  Ih* 
viohu  ID  figure  und  donHtruction,  but  il  is  played  on  uaunlly  bycwitdi- 
ing  the  slriuga  with  the  fingers,  and  a  variety  of  notes  may  be  prlh 
duced  by  stopping  the  atrtegs  with  tlie  left  hand,  so  as  to  regalate  Ibg 
numbers  of  tlieir  vibrations  and  consequent  tones.      The  perfomB 

its  power  alone  being  inconsiderable.  The  harp  is  likenrise  played  on 
with  the  fingers,  but  ila  Etrin|;ij  are  numerous  and  all  open.  'Ibi 
pianoforte  and  the  barpBicbord  bare  also  diatincl  strings  for  '  '  ~ 
and  semi-tone  :  and  like  the  harp  they  are  adapted  ibr  the  pel 
of  muaic  in  parla  ;  so  that  they  may  serve  either  for  playing  sj 
nies  or  other  pieces  of  muaic  w^llj  inatiumenlal,  oi  " 

Pulsatory  instruments  of  music  display  corvsiderable  vsrietiea  of 
form,  comprising  the  double  drum,  tlie  oppoaite  ends  of  which  yield 
difierent  tones  when  struck,  for  the  parchment  covering  one  ertremi^ 
is,  by  regulating  its  relative  degree  of  tension,  made  to  yield  a  (omd 
which  is  a  filth  in  tone  different  from  that  of  the  other  extremity ;  kettt*- 
drums  consisting  of  copper  bemisphenps,  the  open  ends  of  which  ti» 
dovered  with  parchmi^nt,  and  two  such  druma  properly  Coned  bci^ 
used,  they  may  be  introduced  instead  of  a  double  drum,  but  will  to 
disiinii^ished  by  a  peculiarity  of  inttinatian,  t)iou^  jieldin;*  the  saw 
notea ;  the  tambourine,  a  well-known  instrument,  reaembling  in  pn> 
ciple  the  preceding^  besides  some  othera  of  a  similar  nature.  BeJIi, 
gongs,  &c.,  are  open  hemispheres,  or  conical  instruments  made  of  soui* 
Bonurous  metuls  ;  the  latter  of  which,  used  in  China,  are  large  oDdvaT 
/wTerfu/ ins  (rumen  ts.  Among  recBufi-j-iiwBvi'ufAtojui.  ' 
"  one  called  the  Hannonioft,  conauuttei  \i^  Ma'pa*' 


B  namber  of  amall  oblong  disks  of  glius,  each  adapbid.  by  ils  vi- 

ma  whenBtruck,  to  yield  one  of  tbe  DOtea  of  the  gamut  or  common 

lol  sobIo,  includioi;  tvo  or  more  octnrea  Bccoiiiing  to  tlio  size  of 

utcnment :  the  disks  are  Gied  seourely  al  one  eod  only,  bo  tbat 

vibrtta  fre«lj  on  strifciiig  Ihem  will)  a  hiininiBr  much  like  Che 

lets  of  B  piimoforle.     GUss  hemiapbecaB  or  bell-shaped  gobleta, 

in  a  trame,  and  tuned  to  the  gsmul,  by  poariug  in  inorH  or  leaa 

,  form  an  ggrceBbleinstnunenlof  muBic,  played  on  by  Btrikiog  tha 

I  ipith  a  violin-bow.  or  by  bein^  tbrowa  into  Cbe  state  of  sonorous 

by  gently  touching  them  with  wet  fingatB.  There  are  SBrsral 

KiatiBB  of  these  instruments,  wliich,  as  well  as  the  preceding-,  hava 

laired  the  names  of  harnioniCB,  and  haraiania  glasses. 

iWind  ioBtruments  diipUy  no  less  Tariety  in  tbeir  constrootian  and 

)da  of  action  than  stringed  instrnoientai  sad  in  the  opinion  of  Bome 

liQuaTieB  Ibey  irera  invented  nt  H  more   remote  period   then  the 

iter.     I'he  general  principle  they  inroUe  is  that  of  the  production  of 

muU  by  the  Tibratioua  of  columns  of  air,  usually  eoataiiied  in  tubes, 

liOBa  relative  lengths  and  those  of  the  included  columns  determine 

■  numbers  of  the  aynchrououB  waves  or  vibrationa  to  whicb  the  tones 

nuuicsl  Bounda  emitted  owe  their  character  as  to  gmviiy  or  acute- 

■■•    ibstrumentB  of  thiB  class  have  been  distributed  into  tlirea  kinds  < 

ft  those  iu  which  the  contained  i^olnmn  of  air  is  made  to  vibrate  by 

„  forcibly  into  one  end  of  an  ogien  tube  ;  (9.)  thoae  in  which  the 

ition  of  the  air  ia  cansed  by  blowing  Ihrough  a  solid  motitb-piece, 

■tna  end,  which  merely  limits  tlie  size  and  figure  oF  the  apertore, 

Ithni  adds  to  the  force  with  which  the  air  is  intruduoed  through  it; 

iy  wind  iuBtrnments  played  on  with  a  reed  or  rery  elastio  moath- 

lea,  the  primary  vibrations  of  which  highly  augment  the  aonorous 

irattooa  of  the  column  of  air.     There  JB  likewise  a  diacioetion  to  be 

ide  between  tubes  open  at  both  ends,  without  any  lateral  apertutea, 

i  IbOBe  which  have  si>veral  siich  sperTures.  the  obvious  effect  of 

nch  must  be  to  lengthen  or  shorten  the  tube,  or  rather  the  column  of 

in  it,  on  the  dimensions  of  which  the  sonorons  vibrations  and  con- 

Among  the  first-mentioned  species  of  wind  instruments  mitat  be  in- 
ided  the  trnnit)el,  the  bugle-horn,  the  Frsocb-lmm,  Pun  a  pipes,  and 
ne  olhera,  which  however  they  may  differ  in  form,  or  in  the  effect  of 
itonesthiy  yield,  ere  all  mode  to  sound  by  blowing  through  a  cirEn- 
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mr  liaviog  Ibe  apedute  turougb  wlucli  sit  u  wUDineu  in  toe  si< 
the  Cube,  ithile  liie  end  ia  cIiwdJ.  Td  tlie  seDond  species  of  u 
meaU  belongs  tlie  flagelet,  ichicb  is  plsjed  aa  bj  meanH  of  u  irorr 
mouth-pieoe,  tasriag  an  aperture  of  iaTBiiuble  ttimffliskinB.  The  third 
spscies  of  wind  iostrumeDls  coniprelidiidB  mreral  varietiiH,  soms  har- 
iag  moutb -pieces  |iosseEsio};  t.  slight  degree  of  fleKibililr,  aa  llie  da- 
DDoet ;  otJiers  are  played  on  n-itb  i  reed,  t'onniii;  a  tuRhl;  flexiUs 
mouth -piece,  sa  the  hautboj  und  tbe  bisaoon.  I'he  diversitj  of  aoonda 
produced  b^  different  sets  of  organ-pipes,  answering  to  die  respactiVB 
■topa  of  the  iastrument,  depend  on  llie  peculiar  fonnsof  Ihepipos,aiid 
eipeciullj'  on  the  nuniaer  in  irbich  tbe  air  is  admitted  into  tbem.  Tb« 
Jeir'a-lmrp,  au  instruoient  loo  general) t  known  to  need  desciiptioD,  and 
coaunonlj  deapiaed  as  utterly  inaigniiicanl  aud  inhannonious.  is  how- 
arer  deserving  of  particular  notice,  not  only  aa  being  a  wind  inatro- 
meui  sfibrding  sounds  on  somewbsl  diSerent  principles  from  those 
tibove  described,  but  likeivise  because,  ia  the  biindii  of  more  ihsn  one 
perfonner,  it  ties  been  found  capable  of  producing  considerable  eSeet, 
and  exciting  the  admimtian  of  musicid  amsteurs.  Aa  the  Jew's-harp 
has  no  csiity,  it  is  almost  inaudible  wben  struck ,  till  it  is  pieced  belwoen 
tbelipa  and  leeth  of  the  performer,  andtbus  the  snnoroua  TibrMions  <H 
wliicti  ila  tones  dspend  are  fonned  in  the  moulh,  the  tonioe  oi  ' 
wire  lieloDEJn^  to  the  instrument  acting  the  part  of  a  reed. 
tones  or  notes  only  can  be  pruducrd  by  meuna  of  a  single  b~ 
lowest  of  wliicb  may  be  termed  its  fundamental  note,  and  tbeo' 
its  principal  coDCorda  the  third  and  £lUi.  From  u  scale  so  1 
would  be  impossible  to  derive  melody,  much  less  barmouy  ;  ai 
fore  the  instrument  was  neglected  by  regular  musicians,  Ihoi 
mouly  used  among  tbe  peasantry  in  many  parts  of  Europe,  and  pani- 
Guluily  in  the  Netherlanda  sad  m  the  Tyrol.     Some  kind  of  improre- 


■loeorlmt. 

aeothaf^^^l 
;aad^^H 


ment  was  effected  hy  the  TyroleBc,  by  uniting  tw 
two  at  once  ;  and  this  method  was  adopted  by  a  I* 

the  Memoirs  of  Madsine  de  Genlis,  as  having  ncquiied  tka 


art  of  playine  on  this  instrument  with  so  mucb  skill  sad  taate  tbst  be 
TU  heard  with  pleasure  and  surprise  by  the  king,  Fr«derie  the  GreX, 
who  possessed  considerable  knowledge  of  music,  and  was  himstf-* 
good  perfonner  on  the  Geraian  flute.  Bw.  to  tlia  mma  i  ■  ■  ■  -  - 
ofM.  £uleniteia  we  are  iodelited  for  flie  cQiQ5\a'iB  ieiri 


fowtta  of  this  little  uutrument.  He  deroted  len  years  to  tlie  Bludy  of 
ilsospBbilitiea,  and  the  means  of  remoriD^  its  ilefoctK;  andliflving-oscer- 
ttined  tbeoompBSB  of  touesbelongiogtoit,  as  stnted  above.  h<^  concei  red 
the  idea  of  extending  ita  power,  nod  supplying  the  iiilervnla  wanting, 
so  as  to  complete  the  gamut  through  serem  octave!!,  bj  joining  aiz- 
's- harps,  and  then  tuning  tliem  by  fixing  more  or  leas  aealing. 


wax  nt  the  extremitT  of  the  Ii 


igue. 


la  of  this 


effected  his  object,  as  hy  rapidly  changing  from  one  harji  I 

he  could  elicit  any  aeries  of  tonea,  and  perfonn  pieces  of  music  in  n 

manner  which  delighted  and  asloniahed  thotewho  heard  him. 

It  appears,  both  from  theory  and  eiperimeiit,  that  in  the  fundamental 
•ound  of  a  tube  open  at  both  ends,  tlie  portions  of  the  iucluded  column  of 
m  the  opposite  sides  of  the  centre  of  the  tube  move  in  directions  con- 
f  to  oacn  olber.  This  principle  ia  ingeniously  confirmed  and  illue- 
dbyMr.  Wheat«tone,in  a  paper  read  before  the  Royal  InstilutiOQ, 
'.16, 183S;whei>he  exhibited  thepbenomenoD  in  question,  by  means 
if  an  apparatua  consisting  of  a  leaden  tube  about  an  inch  in  <{inmeter 

i  might  be  oppoaile  to  each  other,  with  a  small  apace  between  them. 

n  this  apace,  equidistant  from  each  end  of  the  tube,  was  held  tbe 

EVibratin^  part  of  a  square  plate  of  glass  thrown  into  a  state  of  vibration. 
'''       "ly  meimB  of  a  violin-how,  or  a  hammer,  so  as  to  produce  its 
sound,  or  that  denoted  by  Chladni'a  first  figure.     By  tliis  ar- 
mt.  tbe  plate  advancing  in  Its  vibration  towards  one  end  of  tlie 
md  receding  at  the  aame  instant  from  tbe  other,  the  effects  nea- 
le  each  other,  and  no  resonance,  or  augmentntion  of  the  onginal 
d  Inkes  place.    In  the  middle  of  tlie  tube  was  a  joint,  wliich  al- 
indeponJentl;  rnund  the  aiia  of  the  tube  ; 
'     ^  roughttotfae  opposite  sides  of  portions 


which 


ratmg 


tthe^ 


if  the  tube,  and  the  augroentaliou  of  sound 

le  it  appears  that  in  a  tube  or  pipe,  open  at 

'  vibrating  column  will  be  double,  and  therefore  only  half 


•  tsngtb  of  that  in  a  similar 


'  *^P°"  "tf  ftitlrtiAModrtltw.  g.  Mft- 
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■  tube  of  this  Tomi.s 


air  in  conical  lubei,  nnd  OBcertniiied  iLat  the  si 
cited  btOTibtBtiooatila  closed  end, or  at  tbea 
ibeaumefuadaineDtal  sound, and  tbesameaer 
dricaltabe  ojienat  bolb  ends.  Ttius  he  showed  ihU  the  tmrnpet, 
Lom.  and  hautboy  pipes  of  the  orgUD,  all  being  CDoical  pipes,  produced  tha 
BUne  ijounda  na  the  cremouapipe,  acylindncal  tnbe.axGitedin  tbesarao 
mauner.Hudonly  half  their  length.  He  likewi bo  compared  the  hantboir, 
ucouicai  tube,  vriththe  cUrionet.  a  cylindrical  tube  of  the  same  length,* 
anddemonatratedthatiatheroruiettbefundaineDtsleoundKn-erethesame, 
absolutety  luid  relatively,  as  in  the  flute,  n  tabe  of  the  aame  loDgtb,  ap«D  M 
both  ends;  and  that  in  ibe  Intler  the  fundamental  aounds  were  relalirelj 
ai  thoae  of  a  tube  of  similar  length  closed  al  one  end.  A  inbe  or  pipe, 
(he  upper  aperture  or  mouth-piece  of  which  is  placed  cloae  to  the  lipa, 
as  in  the  case  of  the  trumpet,  Freach-hom,  or  clarionet,  ia  to  lie  conri- 
dered  aa  open  at  the  lower  end  only ;  end  tboa  its  tones  are  relatiTetf 
deeper  and  mora  powerful  than  tlioae  of  the  German  flute  orfl^da^ 
tubes  open  at  both  ends ;  for  the  aperture  throagh  whioh  tba  flute  i* 
blown  or  made  to  sound,  is  not  covered  by  the  lipa  of  the  perfonierj 
and^ongh  t!ie  mouth-piece  of  the  flagelet  is  covered  in  playing  on  ditf 
inatniment,  it  is  reduced  to  the  state  of  a  tube  open  at  both  ends,  in 
conaequBDce  of  ifa  having  a  lateisl  aperture  near  the  upper  extrenAjr. 
The  theerj  of  musicsl  Bounds  mnj  be  elucidated  fiom  the  anuoiaa- 
tioii  of  the  manner  in  which  tonea  are  produced  from  the  Frei 
Al  the  fanmionica  or  coDCorda  of  a  fundamental  note  may  be 
by  the  diviaionof  a  vibrating  airing  into  certain  proportiong,  «o 
series  of  tones  may  be  formed  by  the  spontaneoua  division  ai 
vision  of  the  column  of  air  aontaioed  in  the  French-horu.  Whes  Itfl 
instrument  is  used  in  concert,  it  must  always  be  adjusted  ti 
length,  by  increaainp;  or  diminishing  the  number  of  tbe  cranki,  or  Ej 
cular  tubes  of  which  it  ia  composed  ;  so  (hat  the  gravest  tc 
yield  may  correspond  with  the  key-note  or  fundumenlal  tons  erf  ■ 

Eieceofmuaicto  be  performed.     Suppose  this  tone  to  he  C,  ifthsal 
om,  properly  sdjusttid,  u  blown  gently,  this  note  will  be  h 
stronger  blast  will  double  (be  number  of  t)i 
prodnee  an  octave  above  the  first  note  ;  by  increasing  the  fores  ol 


£?•  *»  J,  ,1°""?  » ilmfi,;  '■;'%•  al 


•M  ACOUSTICS.  ^^^* 

■nd  iDtereitinf ,  thej  aeldom  utncl  oar  noliee.    BMa,giMt>,MlBMf 
olher  Kinged  ioiecU  in  Cheic  passage  throo^h  the  air  eiriu  <asc 
vihreliuni  by  the  tiewleu  Sutterutgs  of  tbeir  (rings  or  olhei  nea 
noui  puis  of  their  AtructUTB.    'Ibe  iutemuttiiig  not^  of  ibe  gru^aofBI 

u  probably  the  leBull  of  B  similar  mecbanism  ;  bal  some  iiuecti  t^lU 
tribe  seem  to  be  furai>hed  with  m  peculiar  or^aniutkiD  for  Ibe  ft^ 
ductim  of  their  muiiic.  Id  the  Edinburgh  Joomol  of  Scintce  (Ka.l7.) 
u  Bn  accaonl,  by  Dr.  Ilildieth,  of  North  AmericsD  Cinde,  orlosuM 
ftjroished  Willi  bsgpipes  on  which  they  pUj  a  Tsrioty  of  note*.  Hettjt, 
"  When  any  one  paaaea  Ihey  mate  a  great  noise  and  screaming  with  ' 
■ir-bUddur  or  bagpipes.  Tbeae  baga  are  placed  ander  and  nllu 
hind  the  winga,  in  tbe  sxiUa,  and  aomelhing  in  tbe  manner  of  oain^ 
b«gi>ipeB,  with  ihe  bags  under  tbe  arms.  1  could  compste  tbeDk 
notliiog  elie ;  and  indeed  1  suspect  the  first  inrentot  of  the  inuniBMI 
borrowed  bis  ideas  from  some  insect  of  this  kind.  They  play  a  niic^ 
of  notes  and  aoDnds,  one  of  which  nearly  imitates  Ihe  scream  of  tbe  Oar 
toad."  Some  birds  yield  muBirol  tones  through  the  perctu9ioD  of  lb 
air  by  their  winga  in  Sight.  Tbia  cirramalance,  which  perbapi  Ut 
escaped  the  attention  of  naturalista.  in  particularlj  observable  id  Ik 
lapwing,  or  as  it  is  sometimes  called  from  its  cry,  Uie  penii.  This  U(d 
ia  an  inbahilanl  of  the  furee^clad  don'na  of  Wiltshire ;  and  vrbta  il 
atoops  near  tbe  gnniud,  in  its  circling  course  through  the  air,  as  ttV- 
proachea  tbe  obBOrrer,  a  sound  roay  be  heard  resembling  ihe  disDWl 
tone  of  a  FrcDcb-bom,  entirely  duCincC  from  the  dissyllabic  scnH 
from  which  it  derives  its  provincial  name  ;  and  which  is  fonned  Uto 
the  oriaa  of  other  animalB  in  tbe  throat  or  laryni.  Tbe  peculiar  slug- 
ing  tone  firat  mentioned  seemed,  as  far  as  could  be  guessed  fran  !► 

Eated  obserysliona,  to  be  nearly  tbe  same  note  with  middle  C  of  th 
rpsichord.  It  is  manifestly  caused  by  tbe  recerbetntiun  of  tLe ait 
asunat  the  hollow  lides  of  the  broad  win|{a  of  the  bird  id  tia  njH 
wbeeling  flight ;  and  it  ia  heard  only  when  it  happens  to  come  leiy 

The  Human  Voice. 
Among  ihe  moat  cnrious  works  of  nature,  must  be  reckoned  [he  oi- 
ganizntion  on  wbicli  depend  tiiattmeaQ^  \\velviimaQ  vQiee.     The  SuKl 
wc/Vnep/iysioloEuU  regarded iiiBt«t\.mm*\oiw^™*»™«di. 
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Hm  intpulm  of  sir  agsimt  iU  sides  in  its  puioge  into  tbe  lungs.  But 
G^n  ecntrOTSctpd  dda  arroneous  opiuion,  by  abowiDg  tliul  ilie  Toica 
a  fijnned  duriag  the  expiration  of  air,  oi  lU  psaasge  from  [he  iuazs,  and 
in  its  escape  from  the  laryni,  at  tbe  back  of  the  moutb.  BeBides  iha 
hiDg«,  whicb  propel  air  in  tbe  Buue  manner  as  it  is  propelled  b;  a  bsl- 
birs  into  cbe  pi]>esof  an  orf:an,  the  parts  esaeuliul  to  tbe  production  of 
vocal  aouuda  are  tbe  trHcbea  or  win<lpipfl,  the  larynx,  and  its  Bppea- 
d^ea.  The  windpipe,  as  the  term  impliea,  is  merely  n  cartilu^inoua 
nBaal  tbrougb  wbicb  tbe  bit  iaauea  fnuu  tbe  luaga  ;  tbe  larynx  is  an 
Bnlarged  continuatiou  of  the  windpiiie,  formed,  like  it,  of  cartilage  or 
gristle,  membrane  and  muscle  ;  butitismore  coupUcBtcd,  termineling 
aboTS  in  two  lateral  membranes,  wliiob  approaub  near  lo^etber,  leav. 
iBp  only  an  oblong  narrow  opening,  called  tbe  glottia.  The  cartilafes 
itftbe  larynx  admitting  of  some  degree  of  motion  by  means  of  tbeir  at- 
taobed  mnaclea,  llie  membranes  of  the  glottis,  wbicb  are  connected 
wilb  tbem,  may  be  extended  or  slackened,  and  tiiua  the  vibrations  of 
'QtB  airpiABuig  thraugti  the  glottic  are  reguhited,  end  sounds  are  modi-- 
4ail  aa  to  tone.  Tendinous  cords  or  bgamenta  are  also  extended 
Within  the  larynx,  which  are  suppoHed  by  some  physiologists  to  oo- 
opetate  with  tbe  rDembranes  of  the  glotlia  in  producing  sonorous 
wnMioiis.  The  Klotlis.  or  rather  die  membranes  n-bich  compose  it,  tbus 
*|tpMrs  to  form  the  immediate  organ  of  sound ;  nbicb  has  been  aptly 
taMgli  ctnnpared  to  the  reed  of  a  hautboy,  since  it  ia  composed  of  thin 


dable 


opfflimg 


etneen  then 


Bui 


g  delicacy  of  the  organization  in  the  coostmction  of  the 

E  abundantly  damonstrates  the  su|ieriority  of  tbe  works  of  nature 

tbe  mOBt  elaborate  efforts  of  art.    Dodart,  a  French  pbysician,  who 

m  dm  bt^niung  of  tbe  last  century  investigated  tbe  structure  of  the 

Voal  omns.  Piade  a  calculation  whence  be  inferred  that  tbe  intervala 

^  Hnod  capable  of  beint;  perceived  by  the  ear  correspond  to  con- 

*  Stians  of  the  glottis  less  tfaan  ^  part  of  its  diameter.     It  is  pro- 

~B,  however,  that  the  diversity  of  tones  is  caused  not  merely  by 

I  in  tbe  dimensions  of  tbe  glollia.  but  is  jiurtly  dependant  on 

le  laDgtheniDg  or  shortening  of  tbe  entire  tube  of  the  trachea,  includ- 

g  Ab  larynx,  and  by  corresponding  alterations  in  the  form  and  size 

""  "  ■  vity  of  the  month.     Yet  tbe  powet  of  VM^vtu^ftieymw.  ■A'Cofe 

BBging  mast  depend  chiefly  OD  llie  a\iflce^v>ii.\vl.-5  iS  &»  uiwa- 

m  of  tbe  gJatds,  tbe  £naaess  and  elastic'A^  oi  ftie  c<«'=i*%™  **^ 
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luynx,  and  tlie  BtCBDgth  af  the  muscles  by  wbichthe^m 
that  of  the  musoles  of  the  cbest  coDcerosdiu  respiration. 

That  the  lound  of  the  voice  wbolty  arises  from  Ihs  passage  af  M 
from  the  lungs  through  the  glottis,  is  proved  by  Iha  bat  that  vrlwD  di 
windpipe  is  wounded  below  the  gloius  ao  thsE  the  air  in  expintkk 
peases  through  the  wonnd,  the  power  of  forming  eonnda  is  destroyed 
while  a  wound  in  the  [broflC  which  lenves  the  §[lottia  and  imrta  below  i 
uninjured,  produces  but  little  eifeot  DO  the  roice  ;  andifapiece  been 
out  of  the  windpipe  ol'  a  mnii  or  any  animal  simitnclj  DonHtHuXed.  tt 
pairer  af  utterinc  sounds  of  which  be  is  thus  depriied  will  bo  lestOTti 
by  carefully  clusmg  the  artificial  opening  in  the  windpipe,  ho  that  thi 
air  no  longer  esoapitig  by  it,  may  pass  ibrough  tha  EiuttiB  as  wtul 
Hence  those  onfortunate  persons  wbo  cut  their  own  throats  so  as  ti 
wound  the  windpipe  but  not  the  Urge  lilood-vessels,  immediateli 
brenlbe  through  the  wound  and  become  eileut,  hut  as  soon  as  lb 
wound  is  droased  and  the  air  no  longer  pasaea  through  it,  thepowtrn 
EpeaHng-ia  in  some  degree  reatered. 

Tlie  tracheal  canal,  including  the  larynx,  msy  even  be  entirely  dc 
taehed  from  tha  animal  to  which  it  belongs  without  losing  its  pnpeiq 
aa  »  lOial  inatruroant.  The  celebrated  naturaliat  Cuvier.  baring  eu; 
off  the  head  of  Bacreaming  bird  so  aa  to  leave  the  glottis  and  pwlalw 
low  it  entire,  the  craatcre  atill  ottered  cries  far  aome  time  g-fter  its  S» 
capilalian,  the  or^n  of  vatco  i«miiinms  uniojured.  An  snimBlrMaUl] 
dead  may  he  made  to  utter  aoanda  as  when  living,  as  appears  trox 
eiperiraBnts  made  bv  M.  Ferrein,  in  1741,  and  repeated  by  M.  Biat.i 
few  yeara  since.  The  iatter  gentleman  employed  in  hia  researchm  |lu 
loryni  af  a  pig,  with  the  trachea  attached  to  it,  and  to  the  openingel 
Che  latter,  be  fitted  the  bellowa  of  an  oi^an,  and  by  varying  pnaaort 
on  the  larynx  with  hia  hand  he  could  increaae  or  diminiab  Iba  apertdrt 
of  the  glottis  while  forcing  the  air  through  it.  so  oa  to  imitate  exMCU/ 
the  grunting  of  the  pig.  The  same  philaaopher  aubsequendy  tod> 
structed  an  artificial  glottis,  the  lamtniB  or  membranous  plates  nmili; 
thfl  opening  being  made  of  gum  elastic ;  and  having  adapted  it  ta  A> 
pipe  of  a  pair  of  bellowa,  he  was  thus  enabled  to  produce  vocal  MONda.* 

The  aperture  of  the  glottis  is  naturally  more  contracted  in 


:J 


ood  in  males  bafore  the  age  of  pnherty,  than 

fore,  womeD  and  cbildren  bare  shriller  Toio 

of  tone  cominoDl;  imunmting  to  ulioat  an  octave,    'i'he  entire  cdmpug  of 

loioe  in  femBlB  singerK  is  naunllf  more  sitenaire  than  in  mani  for 

thitu^  Ibeir  scale  oF  mnsic^  aouads  commenoHS  at  a  relatively  high 

lone  it  ascends  yet  higher  in  proportion. 

Tbe  human  rolco  msy  be  so  modulsted  as  to  farm  a  vast  Tsriety  of 
musical  saonds  or  tones  with  rapidity  and  precision  far  bejopd  tbu 
effect  of  OBJ  instrumeDt  formed  by  art ;  for  Tocal  musict  on  account  of 
its  Boperioritj  over  inBtruineatnl  music,  in  point  of  expression,  moat 
always  be  re^rded  as  the  highest  excellence  uf  the  art.  But  tbe  rocal 
organs  not  only  afford  tones  or  soands  dietiuguiabed  by  relutiTe  gravity 
■II  aoateness,  but  also  modifications  of  sound,  forming  the  basis  of  lan- 
gmge ;  and  to  the  possession  of  the  faculty  of  ipeech,  sad  the  inter- 
ditaf^  of  vocal  and  audible  signs,  man  is  greatly  indebted  for  bis  supe- 
riority over  tbe  brute  creation.  It  is  during  the  transnuBBion  of  the 
ffWinidfl  vibrattOnfl  through  the  moatb  thit  Ibo  peculiar  effect  ia  pro- 
^leed  which  communicates  to  the  ear  the  sounds  of  letters  and  words, 
«i»titating  language,  Tbemoat  simple  of  these  articulate  sounds  are 
ibOBS  corresponding  with  the  vowels,  tbe  differences  between  which 
dqieud  on  uilarging  and  contnctingtbe  cavity  of  the  mouth  while  tbey 
ve  uttered.  Tbe  consonants,  wliicb,  ithardly  need  be  observed,  can- 
not be  enunciated witboDt the  addition  of  avowel,  require  more  com- 
plicatBd  inotiDOB  of  the  parts  of  tho  mouth  ;  and  hoooe  some  of  them 
Ue  oalled  gatturols,  aa  being  formed 


he  back  part  of  tho  mouth ; 

in  of  the  tongue  to  tbe  teeth  ; 

It  be  diatiucdy  pronouoced  with- 


e  concemuig  t 
.  attempts  10  pi 
^1  should   (' 


daoUla,  as  requiriag  the  applies 
'        'abiala,  because  ihey  cc    " 

3SS  of  tiie  researches  of  men 

iiy  of  Tocal  intonation  has  oooasioned 

a   apealdug  loacbiiiea,    the    operation 

'boHT  on  meobaniam.     Id  1TT9,  a  prize  wosolfered  by  the  Academy 

r  Soenoes  at  St.  Petersburg,  for  the  best  dissertation  on  the  tlieorj 

vowel    sounds,   illostrated    by    actual    experiments ;    and   it  was 

irded  to  G.  B.  Kratienstein,  an  account  of  whose  reseorches  wai 

iblished  in  tho  Traneimtions  of  the  Academy .    TVa  \n?,fcTL\aQi  ■d«i- 

iiu^sAowed dint  Che  aounda  of  the  four  TO-we\a,  X,"S„0.™^^' 

be  obDuaed  by  Wowing  through  a  loai  iuw  aeie"^^'*'**''™*'' 
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foriDa  of  whicli  ore  represented  in  iho  annexed  fiaures  1,  3,  S.  und  i  -. 
and  that  the  sound  of  !,Ba  pronouaced  by  the  Frenoh  anil  oihfir  Con- 
tinentBl  uatioEa  was  produced  by  blowing  ni  o,  into  tbe  pipe  No.  5. 
fritliDDt  iiniog  H  reed.  Krntieustein  continued  hie  iniestigations,  but 
probably  be  did  not  obtnia  results  of  greater  importiince,  ss  be  ne'er 
poblisbed  tiny  furtber  accoQul  of  the  progreaa  of  his  inquiries, 


I  n 


M.  de  Kempelen,  of  Viennn,  who  distinguished  bimseir  by  tbe  CM' 
Btnictioa  of  na  automston  chess-player,  which  excited  much  atleedaii 
when  first  eihibited  at  Paris  nnd  in  London,  nlao  devoted  bia  ingennilf 
(0  the  coutriinnce  of  a  speaking  mmchiue.  He  succeeded  so  fai  as  Id 
(irodufl*  an  iDstniment  capable  of  uttering  certain  worda  aqij  «IniI 
phrases  in  French  and  Latin.  The  sounds  appear  to  have  been  pro- 
duoed  by  means  of  a  single  carity,  the  form  and  dimensione  of  (rhitti 
might  bs  modified  at  pleasure.  It  hoa  been  described  as  cousistiitg  4f 
a  box,  about  three  feet  long,  placed  on  a  table  and  covered  with  a  dofli; 
under  which  tbe  operator,  in  eihibiting  its  powara,  introduced  ho&  lb 
hands,  one  of  which  probably  was  eniplojed  in  preaaingonkaya  whieh 
might  communicate  with  pipes  after  tbe  manner  of  those  of  an  oiftD. 
This  mDchine  waa  only  ahown  to  the  pTi?ate  friends  of  the  inTeaU*. 
sad  it  does  not  appear  tbat  it  waa  ever  completed.* 

A  gentleman  of  Cambridge  has  more  recently  proaecuted  experi' 
mentaon  the  fomiQlion  of  articulate  sounds  ;  and  havine  adoptwIllH! 
method  of  Kenipelen,  in  using  a  single  cavity,  he  found  that  1^  bh>»- 
ing  through  a  reed  into  a  conical  cavity  the  vowel  Bounds  couU  be 
ptodacei  by  altering  Ihe  dimeniiona  of  the  aperture  tot  the  pauagetf 
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continued  UDinterni)>teilly  through  the  open  air,  tha  sooads  will  bn 
heard  alike iu  every  diceodon.and  become disaliiated  nr  loat  in  thenar' 
rounding'  apBc«.  But  if  They  impinge  on  somB  obstBole  n'hicli  inUr^ 
rupis  their  progress,  they  will  be  driven  back  or  reflected  i  and  thtiB  a, 
wsll.  the  liicB  of  a  cocl^  oliff,  the  Burface  of  vater.  or  even  %  drale 
body  of  vapouT,  may  cause  the  levetberatioii  of  sound. 

The  redettiou  of  sound  lakes  place  aocardiag  tu 


a  Ihal 


n  the  I 


fectly  ehiatio  solids.     Hen 

lioDS  bein^  propt^ted  in  right  lines,  the  angle  of 

reflection  is  always  equal  to  the  angle  of  inoi- 

B  dense  plane,  E  B  F  at  D,  it  will  return  io  the 
eame  lioe  B  A,  end  tlie  reflected  sound  wilt  be 
heard  ut  A  after  the  origiaal  sound,  constituln^ 
what  is  termed  an  echo.*  If,  however,  tha  eoBad 
be  emitted  from  D  «o  that  the  line  of  its  direction  may  Ibim  en  dbliqos 
angle  with  the  [ilano  E  F,  it  will  be  reflected  from  B  in  die  line  BC 
forming  n  similar  oblique  angle  with  the  plane  E  F.  Tfae  velocilf  of 
the  reflected  sound  is  precisely  the  same  with  that  of  the  direct  woMi 
tbereforf!  the  sound  will  be  rtitumed  troili  B  to  C  ilk  the  same  time  tbH 
it  passes  trom  D  to  B.  Hence  tlie  sound  ottered  at  D  will  be  bMfi 
by  a  perHOQ  stationed  at  C  at  the  end  of  a  period  double  that  wbiehit 
takes  to  pass  from  U  to  B.  Ho  that  aa  sound  travels  at  tlia  ma  el 
1 130  feel  in  n  secood,  if  the  distance  from  D  to  K  should  be  SBl^teet. 
the  echo  witl  be  heard  at  C  in  balf  a  second,  for  in  that  time  the  aami 
would  be  eanveyed  38^4  X  a  =  565  feet. 

It  is  reqoiaite  that  the  reflecting  body  should  be  situated  at  aiwli  • 
distance  from  tha  source  of  sound  that  the  interval  between  the  peroep- 
tion  of  thu  original  snd  the  reflected  sounds  may  be  sufficient  to  pre- 
vent them  from  being  blended  together.  When  tbey  becotifee  thos 
combinedtheeflect  IB  termed  Bresonance.andnotauecho.  Theahoitnl 
interval  sufficient  to  render  sounds  distinctly  appreciable  by  the  eu  is 
about  'e  of  s  second  ;  therefore  when  sounds  follow  at  sbonar  in 
ibej-  ftU  form  a  resonance  inatead  of  an 
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wrCtce  will  prcduoe  a  distiiict  evha  uuluxa  its  distiin«R  trom  the  ajiot 
whence  the  aoUDd  ptoceedB  sliould  ha  M  least  bb\  feet,  as  the  sound 
nill  in  its  progress  Ibnrscd  and  Tetum  tliroiigb  dDubI«  that  distiuice, 
113  feet,  tiike  up  ,o  of  e.  second.  ReBaDBDces,  or  combiaatiDna  of 
ttitectaai]  rHOacted  aouuda  are  heard  wore  or  less  in  all  inclosed  plaaes 
of  mndeiBtB  Bitant ;  Hod  as  thay  occaaion  aome  de|;f  ee  of  confiision  in 
the  perception  of  eouDd.inconveD.ienoeiu'iBes  frum  thia  aou roe  in  rooms 
ijipropriated  to  the  purpoxas  of  oratory,  the  voice  of  a  speaker  heicf 
buni  but  iodistinclly,  eBpecinlly  lu  some  ailiuitions ;  but  in  a  cODceTt- 
loomsuch  reaonanaeB  are  rather  advant^eoua,  at  luast  they  would  add 
to  ti>a  effect  of  insttumenlai  muaic. 

Some  echoes  will  repent  but  one  syllable  or  distinct  sound,  while 
otbois  will  repeat  seieial  in  auccesaion.    Hence  the  distinction  of 
DOmMjUabic  and  polyajlkbic  ecboaa.     As  it  nould  be  imposaible  to 
proiiounce  more  thim  ten  Hyllables  in  a  second  intelligibly,  it  must  fol- 
low, that  if  the  reflecting  body  causing  an  echo  should  be  so  eaar  the 
epMkaru  torelumbisTDioemiVaf  auecoud.the  lut  syllable  only  uf 
>.ward  uttered  woold  be  distinctly  re-echoed,  for  ill  the  precedii^ 
'd  be  confounded  together.     Therefore,  if  the  diatance  of  the  re- 
■eetine  object  were  but  56^  feet,  the  Soand  in  going  and  iftnriiing 
dwoagh  twice  that  apace  would  take  up  but  ,g  of  a  aeoond,  and  the 
I  who  would  consaquently  be  mouosyUabic.     If  the  distance  of  the  le- 
gobjeotwere  113  ieet  two  syllables  might  be  returned;  and  in 
il  tlwre  would  be  as  many  svllHblea  repeated  as  the  Diultiples  of 
K  tei  is  (he  number  of  feel  between'the  aource  of  sound  tmd  the  reHeelor. 
ItwiU  be  obvious  that  two  persona  may  he  ao  situated  that  one  may 
B  the  ecJio  of  the  voice  of  the  other  inthout  perceiving  the  originu 
~ ;  for  the  voice  impinging  obliquely  on  a  reflecting  aurfica  may 
I   |n  oOBveyed  uninterrapUdly  lo  a  pcraon  placed  in  the  hue  of  reflection, 
I  while  Rome  intervening  obatacle  may  prevent  the  direct  passage  of  the 
I  Knmd.     Thus  two  persons  Etanding  one  on  each  side  of  a  mirror  might 
W  the  reflected  6gures  of  e^ch  otiier  io  the  glass,  though  an  opaque 
I  liodyjni^t  entirely  conceal  from  either  the  real  figure  of  the  other. 
Snch  echoes  as  have  been  now  described  nould  ba  produced  by  a 
^ewfl«cting  body,  which  would  necessarily  return  or  repeat  but 
e  Bach  original  sound.    The  moat  temarkabW  e^^mfca,  ^itme'w- 
I  are  thaw  wbici  bare  been   termed  polyphcmooa,  ■feecttvae  *ib^  '^'-'^ 
da,  orjiald  aereraj  repetitions  of  »  suis\«  o'ci^o^ 
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la  fiom  ■  nnmlier  erf  4iffi 


tbe  echo  irifling  &om  sncceaiii 
■urfsFOB.  Numei-ous  instimcea  of  eitraordmiTT  eci 
Iraielleis  uid  otbar  ivrilera.  Dt.  Plot,  in  ]iiB  Hietory  of  Oifordi 
girea  bd  icoouDt  of  an  echo  in  tLo  park  IC  Woodstock,  Ihat  irouli 
peat  aereotasn  syllabltis  in  tbe  duy-time,  and  tweoty  at  nighl ;  tl 
heiag  more  elaaiic  during  the  day  iban  in  the  colder  aeaioo  o. 
night,  the  aound  would  tmrel  faster,  and  be  nturned  more  speedi 
thediuTnal  Ihaa  by  the  nocturnal  echo.  On  the  nortbaideof  thep 
ofaocch  of  Shipley,  in  Suaaex,  tliere  is  an  echo  which  will  repeat  tw< 
one  ayllablea.  Among  the  echoei  which  repeat  the  same  Bound  i 
tunes  one  of  the  moat  noted  ia  that  mentioned  by  Father  Kircba 
Gaapar  Schott  in  tbe  sereoteenth  century,  and  aubsequently  by  M 
nd  our  oelebiated  oouDtrymaii  Addiaon,  as  existing  at  the  Mtiri]D 
Simonetta'a  rills,  near  Milan,  ia  Italy.  It  a  produced  by  two  pa 
watla  oonstiluting  the  wings  of  the  bnilding,  and  the  edio,  wbii 
but  heard  from  a  window  between  them,  will  repeat  a  ain^e 
tBore  than  forty  times,  and  tbe  report  of  a  pialol  nearly  sixty  li 
bat  not  with  perfect  distiactneas  except  early  in  the  morning  or  li 
the  eraning,  in  calm  weather.  There  ia  an  analc^ua  echo  at  Vei 
pcodaced  by  two  towera  distant  Irom  each  other  about  165  feet ;  i 
■ingle  word  uttered  loudly  by  a  person  standing  between  them,  w, 
heard  repeated  a  dozen  timea.  On  tbe  Rbiue,  near  Lurley,  ia 
narkableecho,  (LtHcribedby  Dr.GraaviUe.cuuaadbj'tbereTei^Ui 
of  aound  from  the  rooky  bauka  of  the  rirer,  which  maybe  heard  I 
greatest  advantage  from  a  boat  in  the  middle  of  the  stream.  Tlu« 
repeats  muaical  sounds,  gradually  fading  on  the  ear  till  thejdiea 
and  it  resemblea  the  polypbonoua  echoes,  which  are  heard  on  the  I 
of  Killamey  in  Ireland.  A  wonderful  eoho  ia  mentioned  by  Fi 
Gtasondi  in  his  remarks  on  Dio^nes  Laertins,  aince  he  staUg 
Boiasard  heard  the  first  verse  of  tiie  .Eneia, 

Arma  piramqae  oldd  TTD^a  qui  prtmos  ab  orU, 
Kpeated  eight  times  at  the  tomb  of  Metellus,  an  ancient  nuwii 
Mar  Rome.  At  G^netay,  near  Rouen,  in  Normandy,  a  ciuiom 
is  aaid  tu  exist,  the  effect  of  which  ia  such,  tliat  a  person  singinf 
bear  only  hia  own  loice,  while  others  at  a  distance  liear  the  eobc 
jiot  tho  orr^nal  aaund ;  sometuaes  l^i^  t«%«cX^  wi^^  «q«iik  u 

protcb,  and  at  other  times  to  leceie,  ani  ftm  wnmis.  wfc  \«i 

dtffereat  rfireclions,  according  to  tbe  si 
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The  reflecdon  of  aound  iimtesd 
of  producing  sn  echo  may  hare 
tbe  efiect  of  cnncentinting  sono- 
rous Tibrationa  ao  as  tn  render 
HoundB  audible  with  ibe  utnu»l 
distinctnssB  at  considerable  dis- 
tances from  theplaci^^  frbere  tbev 
are  emitted.  'I'bis  mayliappon  iii 
congeijueDce  of  repfeled  reflec- 
tioiu  from  a  curved  or  poljgaiial  suriace,  bo  Ibnt  tho  sound  being  ut- 
taredin  the  focus  of  one  reflectiagsurfacoilwillbeconTejed  to  the  ear 
pbeed  in  the  fbeus  of  another  reflecting  surface,  'rhus  a  sound  too 
WMk  to  beheafd  in  the  direct  line  AD,  in  Ibe  marginal  figure,  mar  be 
ROgmented  by  reflection  from  B  to  C,  and  thence  to  A,  and  also  by  a 
Umber  of  intermediate  reHections  from  a,  b,  c,  d,  t,  and  varioua 
oAarpointa,  all  tending  to  A;  ao  that  a  whisper  orthsscraichof  apia, 
~"  '  "i  could  not  be  conveyed  directly  from  B  to  A,  would  bo  hoard 
ly  by  Bccumulaled  refiaction  from  different  [loints  in  the  circular 
a  B  C  A.  The  most  trifling  sound  may  thus  be  heard  from  the  op- 
udeof  the  circular  gallery  at  the  base  uf  the  dome  of  St.  Paul's 
._  ledial,  London,  hence  called  tbe  whispering  gallery.  There  is  alao 
'irfaispH-ing  gallery  in  Gloucester  cathedral,  where  a  narrow  passage 
' — inty-fiTB  feet  in  length  eitends  across  the  west  end  of  the  cboir ; 
tba  wall  forming  five  aides  of  an  octagon,  the  voice  of  a  peiaoa 
llpering  gently  at  one  end  of  the  gallery  is  carried  by  reflection  lo 
"a  person  on  the  other  side  of  the  choir. 
)iy  similar  manner  sound  is  concentrated  by  reflection 
focus  of  one  reaecting  surface  to  that  of  another  in  m 
ioal  vault.  The  cupola  of  the  Baptistery  of  Pisa  is  thus  cant 
'    '  that  I  person  pUced  in  one  focus  may  distinctly  heai  4 

ed  in  theother  focus,  thougb  it  would  be  inaudible  in  tto 
space.      The  cathedral  of  Girgenli,  in  Sicily,  affords  sat 
iple  of  a  similar  conatmction*,  in  consequence  of  which  Ibe  gentl«gl 
lisper  m^  be  plainly  heatd  Irom  the  cornice  behind  the  high  aH>t 
~  irsoo  at  tbe  great  western  door,  a  distance  of  two  hundred  uA 
et.    The  ecclesiasticg,  ignorant  of  this  cvTiamwWoiM.,'\isA  -ati- 
pboed  tbe  cofl/essionalin  the  fbcua  ot  one  of  'i.\xe  Te4«.Mw^";,«™- 
}d parsons  who  iiappf  ned  to  have  Cound  oul  tt^e  ■?^»K*  ■«\^'*«* 
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sounds  were  oonreyed,  amnaed  tiieiDaelv-eH  for  some  tima  hy  W 
thitlier  to  beai  BScrets  intended  onlv  for  a  coniijssor :  at  length  on»  o' 
these  indiscreet  ItBtenets  wag  puDiu1i«d  hy  heuringbia  own  wife  confeD 
her  frsilty  ;  and  the  Kffnir  bucoming  public,  the  confessionul  wu  r«- 
moied  to  a  mora  BBCora  spot. 

The  concentraticHi  of  counds  eometimea  prodacee  very  Bittgnlu 
efiecu.  of  which  an  inHtnnce  is  tliui  related  b;  Dr.  Amott:  "  ItbappsDed 
one  dir  on  board  a  ahip  suling  along  the  coast  of  Brazil,  iat  out  ol 
sight  ol'  land,  that  Ihe  persons  wallung  on  deck,  when  paasing  a  pul^ 
color  spot,  hoard  Tery  diatinctlf,  during  an  hoar  or  two,  the  sound  (ri 
bells,  vBrying  as  in  bumao  rejoicings.  All  ou  board  onitie  to  lisUiii 
and  were  convinced  i  but  the  phenomeuou  was  most  myaterimii, 
Hontha  afterwards  it  was  ascertained,  tliat  at  the  time  of  Obserralion 
the  bells  of  the  city  of  St.  Salvador,  on  the  Brazilian  coast,  bad  been 


smooth  water,  and  bad  been  brought  to  a  focus  by  the  concaTe  sail  in 
the  particular  situation  on  the  deck  where  it  wasiialened  to."* 

liters  are  some  echoea  for  which  it  is  more  difficult  Ic  accouot,  Ktush, 
for  example,  as  that  ohseiTod  by  M.  Biot  in  the  aqneduots  of  Puu, 
where  on  speaking  at  tho  extremity  of  a  tube  961  metres  in  length,  tbs 
voice  was  repeated  six  times.  The  intervals  of  these  echoea  were  equsl, 
eubbeiiift  sbout  a  li^f-aecond ;  ike  lastrftuniingto  tlie  ear  oftuUttM 
seconds,  tint  13,  after  the  time  requisite  for  the  sound  to  pass  AiniDgh 
the  space  of  951  metres.  Similar  eoboes  bavebeea  noticed  in  the  tang 
galleriea  of  mioea.  M.  Beudant  observes  that  probably,  in  the  ezperi< 
ment  of  Biot,  the  tubes  were  not  laid  exactly  in  a  straight  line,  nor 
throughout  of  the  same  diameter;  and  that  in  the  galleries  of  min«s  i| 
may  be  imagined  that  the  walls  or  aides  wore  not  paratlel.t 

The  conveyance  of  orticulste  sounds  by  means  of  tubes  throi^haoH' 
aiderable  distances  from  one  part  of  a  building  to  another  ia  now  earn- 
mooly  practised  in  London  and  other  places.  By  this  method  a  met- 
■sge  or  inquiry  can  be  oonununiaated  from  a  person  in  his  Btadf  a 
oflice,  in  the  upper  part  of  a  high  building,  tu  claikaor  workmen  ia  tlis 
lower  part,  without  loas  of  time  or  inconvenience. 

TbaSacHilj  wilh  which  the  voice  thus  circulates  thiougb  tub«|l^ 
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proliebly  known  to  the  ancieats,  aad  cerlaiul;  to  the  cullivntorB  of  pLi- 
iotopby  in  the  middle  igas.  Pope  ^jlveater  II.,  wbose  propet  aamo 
wu  Gerbert,  was  almost  the  only  man  of  Boieiice  living  in  tlie  leatli 
gnttniTi  snd  not  DOW  fbrgottsu.  By  Iiis  eontemporaiiat  ba  was  re- 
gudeu  as  a  msgioitin,  becuuse  amon;  the  woDderfal  machiaes  he  ooa- 
Krueted  waa  a  epeaking  head  of  brass.  Albertus  Msgnus,  and  our 
NOnUTiDBn  Roger  Bacon,  in  the  thirteenth  centary,  iaciirrad  similar 
odiam,  ia  coDsaquence  aflheirbaTlDg  formed  speaking  hfrurHa.  TherR 
can  be  ru>  doubt  that  each  of  these  iiigeniaua  men  adupled  the  method 
now  described  of  conveying  eouBd  frnm  u  distance,  so  tliat  it  might  ap- 
pear lo  proceed  from  an  iQanimace  bust  or  alatae. 

Bj  far  the  cleverest  deceptiop  of  this  kind  was  an  eiljibition  which 
took  place  at  Forie  several  y<^at«  siace,  and  attervards  in  Londoii,  ap- 
pnqiriately  styled  tiis  Invisible  Girl,  since  the  apparatus  was  so  con- 
Qrived  that  tfie  voice  of  a  female  at  a  distance  was  hssrd  sa  if  it  ari- 

Cated  from  Q  hollow  globe  not  move  than  a  font  in  diameter,  auapanded 
ily  from  wooden  framework,  by  slander  ribbona. 
A  perspective  view  of  the  macmnerr,  and  a  plan  of  the  globe  and  ad- 

ei  parts  aa  cnnatructed  by  the  invealor,  M.  Chnrlxs.  are  given 
w.      It  consisted  of  a  wooden  frame,  much  resembling  a  tent 
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bedstead,  formad  by  fouc  pilbts  A,  A,  A,  A.  coiuiected  bv  vpfiu 
crose-nils,  B,  B,  sad  ainiiliir  nila  beloH,  nbilti  ii  lemuuated  ibon 
in  Tour  beut  wirts,  C.  C,  procaedmg  from  the  angles  of  tb«  ErUH, 
Bod  meeting  ii>  »  ceoua]  point,  'ibe  boUaw  copper  ball,  M,  wifi 
fonr  trumpoM,  T,  T,  issuing  from  it  Bt  rigbt  imgleK,  hung  m  li« 
centra  of  tlie  frame,  being  connected  nitli  tlie  iFiiea  alone  bx  btt 
tuuTDW  ribb«iu,  1),  D.  An;  qnestiDn  or  observadoD  uttered  in 
Toice  close  lo  tlie  open  moutb  of 
Irhicli  niglit  be  heard  from  nil  of  tbem,  tbe  si 
Hiact,  but  Huoli,  u  if  it  was  emitted  bj  a  very  dimioulire  being. '  TLt 
real  ipeaker  naa  a  female  concealed  in  in  adjoining  spartment,  and  lb 
■neang  bj  wbicb  ber  voice  H-aa  mnde  to  iasne  from  the  globe  in  tin 
msnaer  stated  were  at  oace  very  simple  and  ingenious.  Two  of  On 
trumpet  moutbs,  T',  1',  as  represented  in  tbe  plan,  Rere  eiactlj  opoti- 
site  apeituiea  leading  lo  tubes  in  two  of  ibe  crobs-railH.  nbich  meeur* 
U  the  angle  A,  opened  into  anotber  tnbe  deecenilingtlirDDgh  tbepilli 
and  whicb  wm  continued  under  ibe  Hooc  into  nn  adjoining  apsrtmeol. 
where  a  peraou  sitting  roigfat  bear  what  was  whispered  into  ' ' 
tbe  trumpets,  Hud  return  an  appropriate  aasner  by  tbe  same  chaiueL 
This  machiitery  differs  from  tiie  eonmion  speaking-tubes,  previoualj  no- 
ticed, merely  in  the  addition  of  the  hollon'  ball  and  tnunpels.  bj  meat 
ofwliich  tha  voice  la  reflected  froiu  the  cavity  of  llie  globe  through  tba 
trumpets  T>,  T',  into  the  lube  of  communicatioit ',  and  thua  the  er  ~ 
produced  is  rendered  abundantly  mysterious,  to  those  unwsqmil 
with  the  principles  of  Acoustics. 


JTieSpenlimg-lnimpel-.  used  by  captains  of  ships,  ia  an  mBimnuDi 
adnpted  for  increaaingll\ein\enstt.-j  ot\aMiMM.T!v  T«Bsid»,hy  multi- 
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■pW  bI  both  endB,  about  tluce  feel  in  lea^h,  and  formed  of  cOpA  1 
pw  or  tin  piste.  On  apeBbiag  alawly  nud  dUti nelly  with  the  monOl  ■ 
wdied  10  the  op  filing  A,  the  sound  nliet  being  ri^Uected  Trom  the  sidai 
M  the  tube  in  the  direotina  of  the  oross-lini^B,  will  eacupefrom  the  wide 
t*!titnaitj  B,  and  be  convej-ed  to  a  distance  proportioned  to  the  length 
if  flietnbeaiid  tlie  diameter  of  its  bell-ahnped  aperture.  Kircbrr,  in 
Ua  "  Phonurgin  XoTa,"  published  in  1673,  claims  the  invention  of  the 
■peokiag-trumpec,  referring  to  big  "  Musu^a,"  tehO,  for  an  acooani 
of  tl>e  inBtrumenl ;  but  hia  contrivance  seenia  to  Imve  been  coastructed 
an  the  principle  of  the  tubeaofcommunicacioa  mentioned  above,  rather 
than  on  that  of  the  apealdng-trumpet,  which  was  more  probably  in^ 
TBoled  by  Sir  Samuel  Morland,  who  gave  a  deacription  of  it  in  a  work 
wliith  WHS  printed  in  Londou,  1671,  under  the  title  of  •■  Tuba  Sleotonv- 
phonion."  It  is  by  no  meana  necosanry  that  the  speakiug- trumpet 
dxnild  be  compoBed  of  a  melallic  aubstaece,  for  the  sonoroua  vibrB- 
tiouB  will  be  propagated  in  the  same  manner  and  with  equal  effect 

Ihfougb  a  sjmilui  tube  lined  with  clolb. 

A  Hearing-trumpet  is  nothing  more  than  a  funnel-shaped  tube,  like 
a  rereraed  speaking-Crumpet ;  which,  when  lbs  small  end  is  he!d  to  the 
t^enJiTg  of  the  ear,  conveys  to  the  person  using  it  articulate  soonda 
6om  without,  increassd  in  intensity  by  repeated  reBections  from  the  in- 
riSe  of  the  lube.  SI.  Lecal  invented  a  double  acoustic  tube,  by  which 
ooneentrated  lounda  might  be  conveyed  to  both  ears  at  the  same  time  ; 
md  which  may  be  used  with  great  lulvantage  by  those  whose  auditorj 
&ciitty  is  impaired. 

The  art  of  ventriloquism  appears  to  depend  in  Home  dogrM  on  the 

TeSection  of  sound  within    the  mouth.     Professor  Dugald    Stewart 

■ttribaled  the  talent  of  exciting  the  perception  of  articulate  sounds,  in 

■Dch  a  manner  as  to  give  them  the  effect  of  emiflsiou  from  various  dift- 

M  and  directions,  wholly  to  deception  and  the  power  of  imitation. 

ie  who  have  witoessed  the  cnrioua  monopoljlogues,  aa  he  appro^ 

^  alylea  them,  of  Mr.  Mathews,  in  bis  theatrical  eihibitions,  will 

ulilj  admit  that  feigned  dialogues  and  other  vocal  illuaioos,  in  which 

I  BpODds  apparently  issue  from  an  object  very  near  the  perronaer, 

J  be  solely  the  effect  of  eiqaisile  mimicry.     The  celebrated  Peter  _ 


raUiec  Dr.  Wolool,  possi 


id  considerable  talent  as  a  miade^ 


«  amased  his  friends  by  the  display  of  bis  skill- 
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irould  quit  his  spartmenC  on.  the  fiist  floor,  ns  if  (a  spesk  to  a  psrson 
naitingfor  hjm,  and  Bhuttiog  the  door  on  Choee  within,  heirould  Btmid 
Ht  thB  Btnir  hiaid,  and  hold  a.  fancifid  convoreatioQ  with  liia  laundreas, 
the  bard  speaking  alternntely  in  his  own  naiursl  tone  of  roice,  and  in 
tbe  abriller  key  leBembling  the  voice  of  a  female.  He  would  repre- 
■eut  the  visiter  as  demanding  payment  of  her  account,  nnd,  in  spite  of 
the  excuses  and  expostulationa  of  the  bardi  raiaing  her  voice  in  reply 
to  escli  apology,  and  becoming  grsdnally  more  and  more  abusive,  till 
at  leoEtb,  when  the  oompany,  who  heud  all,  might  suppose  that  he  fud 
loat  til  patienoe  at  the  woman's  pertinacity  and  insolence,  the  dialogua 
would  be  Euddenlj  terminated  by  a  noise  whicb  eeemed  to  indinUe 
the!  he  bad  kidced  tbe  laundreas  down  Blaira.  Sunh  on  eibibirioa. 
whimsical  enough  to  those  not  in  tbe  secret,  would  obrioualy  rvquin 
much  leas  skill  and  address  than  tfao  scenes  wliere  the  performer  atanda 
in  presence  of  the  audience. 

The  dticeptiotis  of  the  veatrdoquist  are  produceil  in  a  difiereat  nan- 
ner,  requiring  not  only  the  faculty  of  diseuising  the  voice  ao  as  to 
imitale  other  sounds,  but  also  tbe  art  of  determining  tbe  appuenl 
souroe  of  sound.  Among  tbe  aumberlasa  exuinples  of  the  fesU  imi» 
cord  relative  to  the  profeeaors  of  this  art  is  the  followiag,  related  H  • 
Bar-wilneaa,  by  Von-dale,  the  author  of  a  treatise  on  Oracles.  Tltui 
WW,  in  16S5,  in  the  liospital  for  the  aged  at  AmaterdBm,  a  voma, 
sevmty-tbree  yeara  old,  nhose  name  was  Barbara  Jacobi,  and  who  wa* 
Tinted  by  a  vast  mallitude  of  peraons  on  account  of  her  talents  as  ■ 
ventrDoquist.  She  lay  on  the  side  of  a  small  bed,  the  curlaioB  beiM 
Dndrawn,  and  turning  as  if  to  talk  to  a  man  near  her  wboni  she  callad 
.loBchim,  she  relumed  answers  to  her  own  questions  or  remarka  in  • 
feigned  voice.  She  would  accuse  her  supposed  companion  of  gtSw- 
tries  with  olhflr  femaleB,  make  replies  for  him,  aometimas  as  if  ht  WM 
laughing,  sometimes  crying,  now  uttering  groans,  and  then  aiiipn| 
aongs,  and  ail  ?vith  auch  aitdress  nnd  elTect,  that  the  illusion  was  noat 
plete  ;  and  the  by-standeis  occasionally  would  not  be  convinced  All 
she  had  DO  associate  till  Ihey  bad  satisfied  themselves  by  aeacching  lb 


J 
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Tfais  nomnn,  wlio  tna  fDmoug  for  her  akiil,  is  also  meDtioaed  by 

.  laldiHgBr  Bebker,  in  hia  ouriciua  tnistiae  entitled,  •■  The   EncbanCed 

World  ;"  and  anotbec  Untcb  irrit^r,  Jobn  Conrad  Amman,  in  big  Dia- 

I— 'tation  on  Speevb,  gtates,  tbnt  be  bad  beard  ber  singular  dialogues, 

•nd  that  the  fei^ed  voice  she  uttered  seemed  to  issue  from  a  spot  at 

t  two  paces  from  her.*   I'he  Abbe  de  la  CbapeUe,  a  learnod  Freocli- 

1,  nbo  was  a  Fellow  of  the  Ro/ul  Society  of  London,  irtote  a  dis- 

t  work  on  ventriloquism, t  in  n-ljich  he  bas  collected  a  p'eat  nom- 

of  nonces  of  persona  skilled  in  tbis  art,  and  of  dieir  singular  ei- 

Among  those  nbom  he  commemorates,  was  M.  St.  Gilte.  a 

of  St.  Germeio  en  Leje.  whose  exhibitions  the  Ahb£  cot  only 

ed  himself,  hutbe  likewise  in  troductd  him  to  the  members  of  tha 

Academy,  and  many  other  persona,  and  had  frequenl  opporlu- 

f  studying  Ilia  mode  of  operation.    AnoLber  dislinguiahad  ven- 

tcildqtuat  to  whom  his  work  relates,  was  the  Ijarou  von   IVIeugen,  a 

"""""lan  of  Vienna,  who  in  a  letter  addtasaedlo  M.  de  la  Chapelle, 

.  that  be  had  acquired  a  lacility  in  epenking  as  a  veotriloquisl, 

bf  Blare  practiDe  commenced  when  a  boy,  but  be  profesaes  bimaelfun.. 

|iJo  to  communicate  the  art  to  another.  Amman,  in  tbe  passage  quoted 

dow,  eipressly  asserts  that  the  effect  is  produced  by  apeakiag  during 

a  act  of  inspiration,  or  drawing  air  into  tbe  lungs,  instead  of  speak- 

Ji^while  the  air  is  passing  out  as  usual.    I'he  Abb£  de  la  Chapelle 

{ibsiided  on  correct  observation,  as  articulate  tones  can  be  thus  formed 
'fijhong  in  intensity  from  tboae  emitted  in  the  customary  mode.  Yet 
BCBoa  futber  modification  of  the  speech  uppesrs  lo  be  requisite  to  pro- 
dww  all  tbe  eSecls  described  ;  and  one  of  the  most  esaendal  peculiari- 
tisBWill  consist  in  tha  art  of  enunciating  all,  or  nearly  all,  tbe  letteraof 
Ibe  til^bet  without  moving  the  lips. 

It  ifl  a  remarkable  circumstance  thaf  tbe  art  of  ventriloquism  is 
practised  among  tbe  Esquimaux,  by  iudividuaU  wbo  hare  acquired 
MODDg  their  countrymen  the  reputation  of  being  wizards.     Tbe  late 

liUqneail  quiealta  qiiatii  implranilo  reapnnilenteni,  ut  Earn  cniti  Viro,  duos  aB 


fijm.  Bat.  1,—    ■■- 


p.  117. 
ou  I'EngTiatrimythe.    Par  M.  de  1 
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CupUin  Lyon,  one  of  tLa  officers  who  listted  the 
a  few  yeu-g  since,  had  opportunitieB  of  wilnessing  the  tf 
of  oQ«  of  the  most  skilful  of  the  Esnuimsui  Tentrilaqn 
he  published  bq  iatereaciag  account  of  Che  obaerrstiaaa  be  i 
those  oocBBions.  One  nf  the  moat  importaut  oirconiBtincea  w. 
noticed  waa  that  the  ventriloquiat,  aiter  having  uttered  a  pro 
■ound,  which  lasted  while  Captain  Lyon  had  made  two  luspi 
■tier  holding  hii  bMBtb  aa  long  is  poBsible,  enutted  a  "  powerf 
without  a  previous  stop  or  inspiratton  of  sir."*  Doabtleaxthe  pi 
lengthened  sound  was  produced  during  inspiration,  and  tberef 
succeeding  yell  relieved  the  distended  lungs.  This  obserratic 
agrees  with  thoae  which  have  been  mode  on  other  rentriloquiat 
there  seems  lo  he  little  probability  that  thij  aubject  wiU  be  pt 
nnderstood  till  some  sbiliul  Tentrih>quigt  maj  chooae  to  invt 
the  manner  in  whieb  the  vocal  organs  are  employed  in  faimin 
■uomalous  sounds,  and  commutiicttte  the  result  of  hia  reaeiit 
the  public. 
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HEAT,  BT  BNTSRINO  B0DIB8,  EXPANDS  THEM,  THB0U6R  A  BANGV  WHICH  11 
CLUDB8,  AS  THREE  SUCCBS8IVB  STAGES,  THE  FORMS  OF  SOLID,  LIQUID,  AlfD  A: 
OR  OA8  ;  BECOMING  THUS  IN  NATURE  THE  GRAND  ANTAGONIST  AND  MODIFIES  ( 
THAT  ATTRACTION  WHICH  HOLDS  CORPOREAL  PARTICLES  TOGETHER,  AND  WHICI 
IP  ACTING  ALONE,  WOCJJD  BEDUCB  THE  WHOLE  MATERIAL  UNIVBRSB  TO  OM 
SOLID  LIFELESS  MASS. 

J)r,  AmotVt  Elements  of  Physics, 
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.  ■  Ahohg  tliose  lironches  of  natDTal  philaaophj  whicli  hsTfl  atUiaBd 

ind  impoTtsnce  of  dibtiuct  Bcieacea,  in  coasequeBce  of  the 

of  our  contempanries,  miut  be  included  tliaC,  the  o^tict  of 

.0  explore  tlie  properties  aad  opentioaB  of  belt.     To  de- 

IrienBte  thie  departoiEat  of  human  knowledgu,  Sir  John  Leslie  baa 

iiMopted  the  term  PymnomicB.  which  signifiBS  the  laws  of  heat  ■     The 

l^'^cts  of  heat,  or  rsther  of  relative  tem^ eratnre,  hare  bo  striking  an 

•a  all  hodies  aronnd  us,  and  it  producea  anch  varied  and 

agnlar  cooBequeacea,  that  whether  considered  as  arising  fcam.  lbs 

idificstiODB  of  matter  iritb  vphich  we  ate  numl  iaUm'^'OaV;  »tg;"M'»'^.i 


M  the  Creek  IIvp,  are,  aiidH6|ioe>  ■.^'^ 


__    _._  .  ,  »  shonld    be   elassed  and  IS- 

rniLEed  ho  oil  toibrm  a  ay  atematic  series  of  (acts  and  obaerTabons ;  ibA 
to  Bucb  a  ajslBDi  the  appcllatioa  rp-DDomics  may  bs  appn^ritled,  u 
Hxpreiaive  of  the  objects  to  whicb  it  relates. 

Tke  cauBC  of  heat  has  formed  a  subject  of  con  troTt-tsy  aman^  nuideDi 
phitosophera  ;  aomo  of  them  ascribing  tbe  phenomeaB  in  wUch  it  B 
ooncemed  to  intOBtine  motions  of  tbe  mtiiute  particlee  of  bodua,  ini- 
logous  to  those  which  give  rise  to  sound ;  while  olben  have  entln- 
Toured  to  prore  that  beal  arises  from  the  presence  of  a  peculiiu'  Bait, 
or  etheieal  kind  of  matter,  SDob  as  that  whicb  bas  been  regarded  la 
the  cause  of  light.  If  each  n  fluid  eiists  it  mustbedeacituteof  WN^ 
for  it  baa  beon  ascertBined  finra  eiperiment  that  tbe  addition  of  M 
to  any  aabstance  produces  no  sensible  alteration  in  jti  gnnititin 
Ibrce.  Dr.  George  Fordyce  instttnted  researcbea  concerning  tba  eflact 
of  temperature  on  tbe  weight  of  bodies,  whence  it  wna  concluded  thai 
tbe  abstractioD  of  beat  from  water  occasioned  an  incrtate  of  weMn. 
He  inclosed  17U0  grains  of  water  in  a  ^lass  globe,  and  having  aedad 
it  (iBrmetically,  after  ascertaining  the  weight  of  the  globe  and  its  ccn- 
lents  with  tbe  utmost  accuracy,  he  immersed  it  in  a  fi^eaDs  mixtme, 
and  on  weigbing  it  again  after  the  liquid  had  become  entirely  ooi- 
gealed,  he  found  it  had  gained  ,|  of  a  ^in,'  Guyton  MoTTBan.wi 
Cliausaier,  made  corresponding  experimenis  in  France,  on  water  nd 
on  sulphuric  acid,  from  tlie  resales  of  which  Ibey  drew  tbe  lame  ift- 
foreuces.  Other  philoaopbers,  however,  made  comparatire  triib  (( 
the  weight  of  water  and  sulphuric  acid  in  the  liquid  state,  and  irb« 
reduced  by  cooling  to  tbe  solid  form,  without  being  able  to  dstecl  aay 
difference  nf  weight  appreciable  by  tbe  moet  delicate  balances.  Tin 
apporenl  eliect  of  the  variation  of  temperature  on  tbe  weight  of  bodici 
aa  noticed  in  the  abore  eiperimenls,  may  be  attributed  to  the  inflneMS 
of  the  frozeu  maas  oo  the  denetly  of  tbe  surrounding  air  ;  therefbn,  if 
we  admit  the  observationa  to  be  perfectly  correct,  it  may  still  be  con- 
tended that  they  are  not  conclusive.  Count  Ilumfbrd  having  n>»- 
pended  a  battle  containing  water,  and  another  containing  spiritl  of 
fine,  ti>  [he  onns  of  a  bailee,  and  adjuatet)  them  so  as  to  be  eiaal)} 
in  erju/librinm,  be  found  tliBtw,reiB™wft.>n>.fo.BuiA«!i^lien  iheo^l^ 

•  See  PhWosoplataATTam^rt'm'*.'''*-"™"'-  ^H 


wu  oompletely  frozen,  though  the  brat  the  w 

beeo  more  thnn  sufficient  to  havB  made  m  equal  weight  of  pold  rad- 
bot.  If,  tberefoie,  with  Layoiaier  and  hla  associates  (tlie  foundeis  of 
HliBt  haa  been  stjied  the  AntiphlngiaCic  Sjatem  of  Chemiatry),  we 
BDppose  heat  to  be  matter  rather  than  motipn,  itmusE  be  allowed  tu  ' 


in  imponde 


d,  nod  also,  aa  denominated  by  aom«  pliiloiophers, 
I  an  inooercible  fluid,  for  though  it  passes  through  some  bodies  witli 
B  more  difficulty  than  through  others,  there  is  no  bodj-  or  kind  of  matter 
^bwhich  can  Eompletely  arrest  its  progress.  The  terms  Calorio*  and 
^Vjlatter  of  Heat  hare  been  adopted  Eo  designate  the  hypothetioal  cause 
^P«f  those  phenomBDa  which  are  referred  to  the  science  of  Fyronomica  j 
H  and  williout  admitting  the  separate  existence  of  such  an  agent  aa  the 
I  aalonc  of  die  French  chemists,  the  temi  may  sometimes  bo  advag^ 
Isgeously  employed  to  denote  the  amoontof  effoctproduoedby  relotim  I 
changes  of  temperature  in  the  game  or  in  different  bodies.  ,    J 

A  variety  of  phrases  occur  in  our  own  and  other  Isnguagea  ex. 
preuii-e  of  the  effects  fesultjng  from  altentioDB  of  temperature,  bath 
n  regards  the  impression  on  our  senses,  and  the  changes  of  form  or 
itmcturo  prodnced  in  the  bodiea  around  ns.  When  we  touch  a  sub- 
stance more  heated  than  the  hand  applied  to  it,  the  setisation  arising 
&om  it  ia  atvled  wsrmtli ;  and  that  caused  by  a  sabstanoe  lesa  healed 
'  '"  luned  chillinefs  or  cold.  But  warmth  aod  cbillineaa,  or  heat  and 
d,  thus  ased,  are  merely  relaliie  terms  ;  for  a  substance  which  would 
■  '  .e  peraon  the  aenaalion  of  heat,  might  at  the  same  droo  seem 
Jier  ;  and  if  a  man,  after  holding  otie  b»ud  near  n  fire  for  a 
es,  and  laying  the  other  ou  a  cold  stone  or  marble  slab,  were 
_ .  I  in  a  basin  of  lukewarm  wsl«r,  the  liquid  would  warm  the 
ODCL  and  conl  the  warm  one.  Dr.  Jamea  Hutton  anya,  "  There 
I  subject  in  which  the  language  and  ideas  of  men  are 
'  more  distant  from  true  science,  than  in  those  of  heat  and 
lason  of  this  will  not  be  ditHcult  to  assign.  Heat  is  ii 
D  which  is  applied  in  different  cases  }  for  it  is  bodi  a  principle  of 
D  in  external  things,  and  a  pnnclple  of  passion  in  our  setisitive 
.     But  this  ia  only  a  part  of  that  intricacy  with  which  this  appa- 

y  simple  subject  is  necessarily  inrolved  ;  for  when  heat  ia  a  prin- 

bpte  of  action  in  eiternil  things,  there  are  two  iliServ.'a'i.  e%e>A&  t<>a^ 

*  From  the  Latin  ealor-lieBX. 


dipbotl 
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OCcBsidDBlly  follow  Ibis  principle  as  B.  Cause.     Fint.  bodies  are  ]ij       •_ 
heat  distended  or  expanded  in  their  TDlume  ;  here  is  ooe  distinct  efiect. 
Secondlj,  without  being  thus  distende<1  b^  hest.  bodies  in  receiTii>(     | 
tbat  distending  cause,  are  made  to  lose  their  hardness,  or  concrotioo, 
and  heeonie  fiuid  in  their  aubBtunce  :  here,  then,  is  an  cS«t  diilinnlj       e 
di^rent  from  the  other;  and  both  of  these  are  perfectly  difierent  fnuD 
the  feeling  of  heat  and  cold  which  in  the  imoiediate  iaformalioD  of  Ha 

Amougthe  terma  indicating  rarioua  effects  or  operotiona  ofbflot,i)t 
the  appearanceB  which  we  are  accustomed  loaaaribeto  its  action  on  iLe 

Iween  heat  and  light  ^  thusa  bod;  like  red-hot  iron,  or  hunungcoalRi 
is  said  to  glow  or  be  glovinpf ;  a  luminous  vapour  iSBoing  from  a  ban- 
ing  body  is  called  flamei  nndaui;b  a  body  may  be  hb'^  .-  n  .. 
when  any  Bohslauce  eihibiting  tbeao  appearances 
or  diapersed  (hrough  the  air,  either  wholly  or  partially,  llieoperatiDail 
Htyted  burning  or  c<imbustiDn  ;  and  wheo  a  heated  body  eonils  li^ 
without  combustion.  It  is  aaid  to  be  incandescent,  or  in  the  state  of  in- 
candescence. The  ajipearance  of  beat  and  l^bt  in  conjunctioa  is  oAm 
designated  lire,  a  term  used  by  ancient  phUosophera  ss  charactenSiB 
of  the  matter  of  beat,  and  regarded  as  one  of  the  (bur  elements. 

The  effects  of  beat  on  our  senses  ore  too  Toriable  and  fitllaaiau  B 
afford  any  important  assistance  in  the  inTOsHgation  of  its  nature  IDJ 
properties;  and  the  principles  which  farm  the  foundation  of  ilM 
Boiance  of  Pyronomics  must  therefore  be  derived  from  the  coDoiden- 
■  in  of  those  phenomena  which  always  appear  under 


io  that  we  cou  jiroduce  them  at  plensute  by  proper  m  i  iiiM 
,  and  OBtitnale  with  precision  the  results  of  camhinarioiu 'Igf 
of  which  heat  ia  aceumuluted  or  diaporaed,  and  its  operstioav 

indueed,  modified,  or  terminated.   The  distinguiabing  yiropaHto 

orafiecta  of  beat,  or  those  phenomena  which  arise  from  its  odditiml* 
mnlerlal  bodies,  or  more  simply  from  the  augmentation  of  tJiair  Ma* 
peMtuta,areof  three  kinds.    1.  Mere  dilatation,  or  inere 


I*  A  iUuettstJoo  on  the  Phlloaop^iy  ut  UgU 
M.B„  r.R-8.B.  i;m.  pp.  7,  B, 


igleed;  sod  ofa  Uqaid  to  the  gsseous  st 
from  water,  or  vapour  t'roiu  uny  liquid,  bj  bailing  o 
S.  Destruclion  of  the  texture  of  bodies  by  combuBtion,  lu  conaequeacu 
i#  which  new  combinations  of  tile  coostitueiit  particles  of  bodius  are 
Ibrmsd,  the  inve9tig;atton  of  whiob  fulla  irithin  the  provinee  of  the 
Niemist  rather  thau  of  the  natural  philasopher. 

Sources  n/  Hial.  I 

Befoi^  proceeding  to  notice  in  detail  tho  properties  and  plienomeivl 

4if  brat  some  uttentioo  muy  be  adiimtageuuaty  directed  to  the  aouroea 

er  ^(deat  causes  of  heat.     These  are  radiation  from  the  sun  tO)^tfaer 

WiA  light;  certain  mechanical  operations,  as  friction,  percusaioa,  and 

'"nrnpreaaioa ;  and  a  variety  of  clieniical  operalioiis,  especially  com- 

■bon.     Heat  is  also  evoivod  from  living  animals  and  Tegetablea, 

3>er  by  the  immediate  iafluence  of  tbe  vital  powers  of  oiganized 

Aura,  or  in  consequence  of  chemical  processes,  modified  by  the  pe- 

iliar  properties  of  ot^auic  matter. 

That  tlie  sua  ia  the  grand  fount 

risTBlioD  of  temperature  by  Its  act 

•  Act  too  obvious  to  require  demonsiranon.  as  ro  lae  manuHr  ta 
wliioh  the  effect  is  produced,  different  opinions  have  been  entertained. 
Hm  generally  received  popular  notion  concerning  tbe  nature  and  con- 
Mitation  of  tbe  sun,  as  the  source  of  liglit  and  beat,  is  that  of  an  inex- 
Ihigiiishable  mass  of  matter  in  a  state  of  intense  conflc^ration  ;  or,  in 
-'  words,  a  globe  of  perpetual  fire,  the  idea  of  which  has  manifestly 
derived  from  comparison  of  the  property  of^vingheat  and  light 
—   --  -'  1,  and  to  flames  arising  ftomcombuBtibleB"'--* 


IBieri 


rffr  William  Herschel  entertamed  a  very  different  opinion  relative 
tbo--  ' -  .    -    .-    -.-. .■ 


of  tbe  solar  orb,  which  from  numeroue  telescopic  ol 
nons,  ne  was  led  to  imagine  to  be  an  opaque  globular  maaa,  encompassed 
by  BQ  Btmoapbere  consisting  of  transparent  elastic  Soids,  from  the  de. 
Somposition  of  whicb  heit  and  light  were  coDtinually  proceeding  ;  and 
llScaaeeivBd  that  the  body  of  the  snn,  far  from  being  the  seat  or  foun- 
tain of  parpelual  fire,  migbt  wiib  probability  be  le^atifti  w.  a-  ■^lo*^^ 
foTBiahed  and  inhabited  like  the  earth  to  wnic\tw«  mo  cfinSmsi.-  ^Tt; 
lciiflpeculatiottBma3bB,'ii63M6-oa>-^*™«*^'°- 


sompositi 

I  l»  coaeei 
L  tain  of  pi 
I     foTBiahed 


(lOBneoted  with  As  subject  before  us, 
with  thia  shQrt  notice. 

In  reference  to  the  bud  ns  a  principal  source  of  lieat  the  qusBtioa 
will  recur,  whether  Laat  is  »  peculiar  kind  of  ethereal  malter,  which 
nuiy  be  emitted  from  the  sua,  or  rntber  according  to  Herachel's  liypu- 
thesis  from  the  solar  atmosphere,  and  nuliating  through  space  to- 
gellierwith  light,  he  absorbed  by  varions  bodies  on  the  surfaces  of  the 
earth  and  other  planets,  produiiiDs  the  effects  of  sensible  wanutb,  ei- 
pansion  of  solids  and  fluids,  melting  of  solids,  and  boiling  or  erapo- 
ration  of  liquids,  and  in  seme  cases,  destruction  of  substance  accom- 
pinying  chemical  combinations; — or  whether  heal  and  its  coucomitant 
phenomena  just  mentioned  maj  not  eKse  from  the  propagatioa  nf 
motion  through  space  ;  the  snn  or  its  atmosphere  being  the  grand  ex- 
citing osuae  of  heat,  and  produciog  it  in  a  manner  analogous  to  that  in 
which  sound  is  produced  br  a  bell.  According  to  the  former  mode  of 
theorizing  we  must  admit  the  existence  of  a  peculiar  penetrating  fluid 
emanating  from  the  region  of  the  sun,  asd  entering  with  greater  or  Un 
facility  into  all  terrestrial  hodies,  on  which  it  produces  its  cbaractec- 
istio  effects  ;  and  on  the  latter  supposition,  it  must  bo  admitted  that 
there  exist;  in  the  space  between  the  sun  sad  the  planets  an  etheiesl 
medium  of  in conceiTable  tenuity,  through  which  rihrDtioii9  cod  be  pro- 
pagsted  with  velocity  immensely  hejond  those  to  wliich  are  la  be  attn- 
buUd  tbe  pbenoniena  of  sound. 

Heat,  as  depeodiug  on  the  inSuence  of  (he  sun  is  unequallj  dir 
tributed  orer  the  surface  of  the  earth.  Owing  to  the  oblique  positioii 
of  the  earth's  aiia,  iba  solar  rays  fall  more  directly  on  oenain  paiH 
of  its  surftce  at  one  season  of  the  year  than  at  another  ;  and  the  ia- 
equality  of  effect  arising  irom  this  caose.  is  in  some  degree  compen- 
sated by  tlia  greater  length  of  time  during  wliicli  the  sun  shines  con- 
titiuously  on  those  parts  of  the  earth  where  the  direction  of  the  acdir 
raya  ia  least  favourable.  Thus  under  the  equator  the  length  of  ill* 
days  never  eitcoeds  twelve  hours,  while  they  increase  in  extent  onpBh 
eeeding  towards  the  poles,  and  at  the  north  and  south  poles  tbe  ma 
shines  six  montlis  together,  and  ihea  for  six  months  remains  invisible 
ao  that  the  year  cooaists  of  one  long  day  and  night.  The  nOalin 
inSaenCB  ol  Oie  aun  as  the  cause  ofbeat.atdifferentpartaof  tbeeartb'f 
mr&ce,  attracted  tbe  attention  oE  t)I.Wll\\E■j,■«^lQ\™'l.^il6H«olt  of 

i's  obserrniiona  before  the  Royal  Socie^  .™*  ""O"* "- 

llie  Proportional  Heat  ot  tbe  Sun  in  a^  l.WiW'i-**.  ■■ 


!9« 


«oIlectii>e  the  same."  Heoaserts,  that  considering  theactlonof 
M  llie  omj  cHuae  of  the  heat  of  the  weBiher,  he  "  Could  see  no 
hit  thM  undsr  the  pole,  the  eolatitial  dny  ouglit  to  be  aa  hot  ai 

-  the  Equinoctial  wbtin  the  Ban  cornea  Terticsl.  or  orer  the 
i:  for  this  reason,  that  for  all  Ibe  34  hours  of  that  dav  under  the 
pole,  the  saa'a  beama  are  inclined  lo  the  horixon  vith  an  angle  of  13^ 
PB^reea  ;  and  nnder  the  ■^qtiinoctial,  though  he  oome  vertical,  ^t  he 
'unes  no  more  than  IS  hoars, and  is  ggniu  le  hours  absent;  and  that 
r  3  hours  G  miautsa  of  that  13  hours,  he  is  not  ao  much  elevated  u 
ider  the  polo  ;  so  that  he  is  not  9  of  the  ivhole  34  higher  than  'tia 
are,  and  is  !5  hours  lower,"*  He  suhsequentlj  adda,  "  It  is  reason. 
lie  to  conclude,  that  ners  the  sun  petpetuallf  under  the  tropiek,  the 
>le  would  be  at  least  as  irann  as  it  is  now  under  the  line  itself.     But 


imain  in  the  subject,  after  the  caoae 


— St  heated  la  removed,  and  particulerlj  in  the  air  \  under -_^ 

m).  the  twelve  hours  absenoe  of  the  sun  ia  avei^anudl  degree  lesaens 

on  impressed  by  thapast  action  of  his  rays,  wherein  haatconsiata, 

e  rises  aguin.    But  under  the  pole,  the  long  absence  of  theaun 

nonths,  wherein  the  extremity  of  cold  doesoblain,  has  so  chilled 

iiDt  it  is  as  it  were  frowa,  and  cannot,  betbro  the  sun  has  got 

IT  towarda  it,  he  any  way  sensible  of  his  presence,  bia  beams  being 

1  by  thick  clouds  and  perpetual  fogs  and  mists,  and  by  thai 

a^htrt  !•/  cold,  as  the  late  Honourable  Mr.  Boyle  was  pleased  to 

t  H,  proceeding  from  the  everlasting  ice,  which  in  immense  quan. 

M  does  chiti  the  neighbouring  air.  and  which  the  too  soun  retreat  of 

laves  ucthawed,  to  inoreaae  again,  during  the  long'  winter 

^_, a  this  abort  interval  of  Bummer."-*     Dr.  Halley  proceeds  to 

Wiee  the  infloence  of  local  circQmstances  on  the  temperature  of  differ- 
*»it  regions,  referring  to  the  effect  of  Iheneighliourboodof  high  moun- 
ttiia,  Uid  wide  sandy  deserts.  But  hia  grand  object  was  to  ascertain 
the  relation  between  temperatnre  and  tadtude,  aa  depending  on  the 
Erection  of  the  sun's  raya,  and  the  respective  intervals  during  which 
they  operate.  Since  the  beginning  of  the  present  century,  a  vast  num- 
ber offsets  hate  been  accumulated  relative  to  tliis  interesting  aubject; 
-    -  -  '  ■■-       ■      au.  (&*- 


and  the  observations  on  temperature  n 


n  ditfcteM.  ^^t^  '' 


leCuriosa,  1705,  p.  1 
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worM,  End  BSpecially  in  high  DonberD  lalicudea,  liave  enabled  men  «[ 
science  to  farm  mucn  more  accurate  concluaiatia  relatlvB  ta  tUe  t^a- 
peratUTe  of  the  earth  as  inBuenced  by  its  poaitioa  a[  ditTerent  »uau 
of  the  year,  than  those  deduced  from  mere  tbeoretical  calculalku. 
From  B  compHriaoD  of  the  researcbaa  of  Humboldt  in  tlie  eqnatoritl  rt- 
giODB  of  (lie  earth,  with  those  of  Captnins  Scoresbj  uid  Parrj  in  tba 
colder  climatea  of  the  north,  it  bss  been  concluded  that  there  mult  eiiH 
two  poles  of  maximum  cold,  DOe  in  America,  and  tba  other  in  Aiiii 
•ud  that  the  utmost  depiesaion  of  temperalute  takes  place,  not  at  tliB 
ntvrth  and  aouth  polea  of  the  earth,  but  at  Iboae  ima^narv  ptHnCb 
This  ia  not  ineonsialBnt  n-ith  the  obaerratiaaB  of  Dr.  Hallay,  (br  Vm- 
peiature  nud  climate  must  depend  much  on  the  figure  of  the  giM 
continents  of  the  world  ;  beaidea  which  there  are  a  rariety  of  ciccoA' 
atanoea  which  must  tend  to  modify  the  lufluence  of  solar  heat  u  coof 
nscled  with  the  situation  of  places  on  the  surface  of  the  earth.  Mr, 
Atkinson,  in  a  paper  in  (ha  "  Memoirs  of  the  Astronomioal  Sode^ 
(vol,  iiO,  estimates  (he  mean  temperature  of  the  equator  at  86°^] 
and  that  of  the  pole  at—  10°  .53.  Mr.  Forbes  regards  the  former  aad^ 
cidedljtoo  great,  aod  says  "it  is  probable  that  the  mean  temperatontt 
the  equator  does  notexceed  61°.5  or  82°."  The  mean  temperalqt* tt 
the  pole  can  only  be  inferred  from  observations  at  very  high  latitude*; 
and  hence  the  following  table  of  mean  temperature  becomes  iateraniiif 
and  important. 

Melville  Island    .     .     .  Ti^"  .  .  .  —    IJ" 

PortBowen    .    .    .    .  TSf    .  .  .  +    i 

Igloolik 69i     .  .  .  +    T 

Wintsr  Island      .     .     .  66i     .  .  .  +    Pj 

Fort  Enterprise    .     .     .  64i     .  .  ,  +  laj 

"  M.  Arago  bad  cc 
Franklin,  that  the  mean  temperature 
heit.     This,  honerer,  is  upon  the  id 
It  the  pole,  which  ia  not  probable :  i1 
of  that  ioteaae  degree."* 


..^ 


OF    THE    EALl 

■ilhe  relative  decrease  of  heat  in  asceadiug  abave  tbe  BUTface  of  the 
lubJBCt  bighlydeaetying  of  inyesligstion.  Mr.  Forbes  snjs, 
Uw  of  decrease  of  lemperature,  such  as  it  would  be  if  iht 
tsrih  mi  rtmmitd,  mnst  be  wugbt  for  prabnblv  by  successive  stageg  of 
balloon  observntion,  commencing  at  a  considerable  height  above  tha 
(uriace,"  The  beat  obserralions  on  the  reliilive  diminuuon  of  heal  at 
increasing  heiglita,  are  those  of  Humbqldt,  deriTBd  from  eiperimenta 
made  io  the  equatorial  regions  of  America.  I'he  general  regult  of  hii 
researches  gives  ISl  loiaea  of  ascent  for  a  diminution  of  1  deg.  of 
Reaumur's  thermometer.  Comparalire  obsemtions  at  Geneva  and  on 
Monnt  Si.  Hernard  aSord  a  coincident  result  highly  remarkable,  the 
difference  of  mean  temperature  of  tbe  two  stadons  being  8  dog.  filmin. 
Reaumur,  for  1(169  loises,  vrhich  gives  l!f3^  for  1  deg.  Heaumnr,  or 
35S  feel  for  1  deg.  Fabrenheiti  and  this  is  probably  the  i  ~ 
mean  result  vrhich  can  at  present  be  attained.* 

An  inquiry  hoe  been  started  whether  the  climate  of  a  pnrlienlsr 

plitce,  or  tliot  of  tbe  globe  in  general,  has  materially  altered  tluring  tbe 

period  of  historic  record ;  and  some  writers  have  been  inclined  to 

'  affirmBtire,  alleging  the  statements  of  historians  that  tha 

Livated  extensively  for  the  production  of  Hine  in  Engbnd 

merly.  though  our  summers  are  now  too  cold  to  bring  tbe  frail  HK 

le  requisite  degree  of  niotnrity.     Circumslancea  of  this  nature,  bow- 

onot  be  considered  aa  decisiTe  ;  end  it  may  be  generally  con* 

hat  we  have  no  authority  foe  assuiniiig  such  a  change. 

hough  the  temperature  of  the  earth  may  be  regarded  aa  per- 

so  fat  SB  it  depends  on  the  best  derived  fi-om  the  sun,  ther» 

)  be  great  reason  for  believing  that  tbe  whole  mass  of  tbe  ter- 

i  globe  is  undergoing  a  gradual  process  of  cooling,  from  na 

nnliy  very  intense  temperature.    The  late  Baron  Fourier,  who  dis- 

■flhed  himself  by  bis  investigations  relating  to  this  curious  topic, 

Dved  that  the  heat  may  be  very  intense  at  a  short  distance  ftom 

B,  and  yet  from  the  eitrcmely  bad  conducting  power  of 

xterior  strata  of  the  earth,  that  it  may 

1  the  climate:  he  actually  computes 

ftf  a  de^e  of  the  centigrade  thermometer.  Towards  the 

*  Idem,  p,  l\9. 


I 


0  sensible  in- 
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mmi  of  eaitfaqaakes  ud  JolttaoM  b^  b 
The  pioceH  of  eooling,  whkh  at  firit  bm 
T^d,  Duj  bceoosidaral  u  having  ravibad  BBcltaiM 

ceptible.    From  expenmaou  stads  m  Pana,  in  Uw  

Ob«rnU»y,  it  IS  probable  tint  Hw  inlBMea  of  lbs  wiv 

■Xlend  more  Ibm  iboot  1 

beat  there  will  bo  urarlym 

Bcmatant  ioflui  and  eBoi 

of  (be  ■do  doea  not  eileiut  bermid  a  ocataia  depth  bi 

of  the  earth,  it  might  be  expectrd  Aat  bqund  aank  MefKk  Ika  MM- 

p«ratliie  would  ooDtiDDa  the  anne  all  tb*  jtmr  rooad  ia  aroy  idM* 

atianun  rvlativelj  to  ila  poeitiaa  ;  and  (W  tlua  ia  ths  eaoe  Baa  baa 

aacertained  bj  M.  Cordier,  fniBi  a  coflaPon  ef  BB—rooa  flwtacAaami 

in  Cornwall,  Saionv,  BriHanj,  Switzeriaad,  Aiaariea.  and  iilhw  ym 

ot  the  (roild.     It  alio  appears  that  in  all  the  tafatiur  atiata  tfaa  t^ 

peiBture  inereaaea  as  we  deKBod,  wilhoat  nay  exc«ptioB :  a  dn^ 

atmoa  conaidered  ai  deciairdv  prating,  that  there  most  be  •  mmtm 

of  heat  ia  the  oeDlie  of  the  eortk,* 

Hence  it  mtf  be  condnded,  in  conformi^  with  tlw  bmM  ntiMi 
gwdogical  tpeonlatiana,  tbu  the  planet  which  w»  inhabit  was  at  a  vNf 
remote  period  in  the  state  of  ftuion,  and  lite  oibor  seau-flnid  bmm 
rerotring  rapidly  under  the  iafloence  of  eenlral  forres.  it  baa  aaaaari 
it«  peculiar  form  a  flattened  spheroid.     Duiiiig  faov  mmy  agai  A*      j 
teiremial  globe  continued  to  emit  heat  fiom  ila  gur£>ce  before  CDBpM      I 
strata  were  formed,  such  aa  the  rsrioiu  modificatioiu  of  prmiiuTB  idAl      | 
which  we  behold,  and  bow  much  longer  timeelapaed  beG>i«  thoaa  nab 
became  tbe  basis  of  this  world  of  land  sod  water,  nannroual;-  |ini|irt 
with  living  beings  as  vx  present,  it  would  be  utterly  useless  to  attiVfl 
to  conjecture.    It  is  sufficient  for  us  to  be  able  to  state,  as  th*  moUt' 
the  most  aecuratu  and  eitenaiie  obseirstions,  (bat  the  internal  ^tui 
the  esrth  no  longer  affects  in  s  sensible  degree  rtbe  temperature  tl  IB 
■nrface,  or  of  the  strata  immediately  beneath  the  surlacti^  aod  dV^ 
Aire  iba  lariEtiea  of  ctiokate,  and  the  altemations  of  boat  and  oeU  ta 

*  Report  otHitV^Ai  (>awKU&nn.t.-n.\.  ^^^^M 
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10  year,  aa  well  as  the  chui^a  atlributabte  to 
[efly  owing  to  the  inflneaae  of  Che  sun,  as  the 
.    jt«l  efficient  source  of  heal." 

Among  the  mechanical  meana  of  prDducinir,  or  iRtber  of  sicitiag 
"  "  tion  is  perhape  the  mow  aaaol  and  effectiTe.     In  sawing 
boring  metal,  it  msv  be  observed  that  the  substances  thus 
U>  friction  anon  become  lenaiblj  warm,     'i'he  n'beela  of  car- 
~Sis^ss  lometimes  take  fire,  from  friction  ^inat  tho  ailes  when  in 
d  motion.     In  some  rude  canntriea,  aa  in  Patagonia,  the  inhabit- 
arail  themselvea  of  thia  mode  of  procnring  firs.     Thev  either  rub 
iDge^er  two  pieces  of  bard  dry  wood  till  fiame  nriiea,  or  more  artiS- 

S  insert  the  blunt-pointed  eitremity  of  u  rod  of  hard  wood  in  s 
CB-yity  in  a  thick  plank,  and  turning  it  with  great  Telocity  bs- 
Imm  their  hands  thus  obtain  sparks  and  flame.  1 

1  Count  Rnmford  instituted  aome  important  eiperiments  on  the  eSettt  ,1 
tt  friction  in  producing  heat.  Having  observed  that  great  heat  trm 
WEOited  during  the  operation  of  boring  cannon,  he  procured  an  UD- 
ifcored  cannon,  with  the  lai^  projecting  piece  two  feet  beyond  its  snr- 
fhce,  which  is  uauolly  cast  with  the  cannon  to  ensure  ita  aoliditj;  thia 
'  :ting  piece  was  bored  and  reduced  to  the  form  of  a  hollow  cylin- 
ittaohed  to  the  cannon  by  a  small  neck ;  the  apparatus  being 


1«qBctiii 
itr,  Btu 


^oUcad  by  ecvenl  obHermc.  In  Winkler'^  ElemeDts  of  Natural  Fhiloaophfv  31 
toLLpp,  179— 182,  are  two  tables  of  very  hiKt  and  very  low  temperiiturei^ 
-iKned  at  durercul  times,  and  In  various  aiteatioDs,  collected  by  Prnfesaor  Hdn'- 
Aw.  The  highest  Btmoapheiie  temperaturewhlch  hereoonlswaaotaervedat 
;»»»«gal,  on  ttie  coast  of  AMca,  in  L»t.ia  dag.  W.  April  11.  ITJg,  when  thahtt 
jna  Mi  deg.  of  Delisle's  thermometer,  eorreiponiUng  to  IMl  deg.  FahrenhBit. 

^nds  temperature  was  considerably  belov  that  obierved  at  B^dad,  In  Augiut. 

* — 1,  as  atateil  In  the  Jonmal  ot  Science,  Uteratnre,  and  the  Aitt,  edited  at 
Royal  iDBtttutJon,  law,  vol.  in.  p.  433.  "  On  the  Iflth  of  August,  last  year 
,_.  ^.  .,. ,._  „  Bagiiad  toBB  in  the  shade  to  lag  deg.  Fahrenliidt, 


midnight  w 


ledayotjndginentwi 
ij^land  o/  vducb  we  bl 


fcBBdeg. 


lose  to  B3.i. ;  and  Hr,  H.  ( 
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wrapped  ia  flBiuifll  to  preveiit  the  escape  of  Leat,  it  was  madd  to  re- 
volve on  its  oiia  by  tbe  power  of  horses,  while  a  steel  horer  pressed 
BgninBl  the  bottom  of  tbe  cylinder.  The  teiuperdture  of  the  metal  at 
thfl  conUDOacement  of  the  opemtioa  was  60  ieg.  and  the  cylinder.  hAving 
made  9<]0  reiolulioDS  in  half  an  hour,  it  was  stopped,  and  the  lempen- 
ture  was  foood  raised  to  130  deg.  In  another  experiment  n  boier  VM 
made  to  rerolve  iti  a  cjlinder  of  brass,  partly  bored,  thirty-two  lunea 

of  water,  the  temperatnre  of  whioh  was  at  Grat  60  dv^.,  but  rose  in  aa 
bom  to  lor,  and  in  two  hours  and  a  half  the  water  boiled. 

StDcfcenHcbneider,  an  ingenious  mechanic  of  Nieubutg  on  tb» 
Weser,  invented  a  macblQe.  by  means  of  which  great  beat  might  b» 
produced,  and  water  boiled  by  friction. 

Air  does  not  appear  to  be  necthssarj  to  the  piodaction  gf  heat  bf, 
the  attrition  of  solid  bodies.  Boyle  procured  suisible  heat  bymalung 
two  pieces  of  brass  more  rapidly  in  coDtaot  under  on  eibauilad  ce- 
oeiver,  Pictet,  of  Ceaeva,  repeated  tbe  experiment  with  succesa.  mil 
foimd  that  the  introduction  of  a  soft  substance  between  the  rabtnag 
surfaces,  such  as  cotton,  occasioiied  an  increase  of  heat.  Sir  II.  D»wf 
insulated  an  apparatus  far  eiciliug  heat  by  friction,  by  placing  it  H 
ice,  in  the  Tdcuum  of  an  air-pump,  under  which  circumstBDces  bMt 
was  produced.  He  likewise  ascertained  that  two  pieces  of  ice  migkl 
be  melted  by  rubbing  against  each  other,  either  in  the  air  of  s  tosa 
below  tbe  freezing  point,  or  under  ap  exhausted  receiver. 

Compression  produeeB  boat  either  id  solids,  liquids,  or  gasea.  iM 
iron  bsr  may  be  hammered  until  it  is  red  hot  j  and  water  strongly  oam* 
pressed  giyea  out  heat,  as  appears  from  the  eiperimenta  of  Dessau* 
nes,  as  well  as  from  the  interesting  researches  of  Mr.  Perkins  on  M 
compressibility  of  liquids,  which  have  been  noticed  elsewhere.*  So- 
lids also  give  out  beat  when  violently  extended,  aa  inuy  be  ascerlBUwd 
by  stretching  suddenly  a  piece  of  Indian  rubber,  and  mimedtately  ap- 
ptying  it  to  tbe  lip,  when  a  sensible  degree  of  warmth  will  be  M. 
Mr.  Barlow,  iu  bis  account  of  some  experiments  en  the  cobesioo  of 
matleable  iron,  states  it  ns  it  curious  fact,  and  deserving  the  attentioo 
of  philoaopbeis,  that  frequendy  at  tbe  moment  of  ruptoie  tbe  box  a^ 


gjimd  null  »  d^re 


1  tbe  fractured  part  as  scarcely  U 
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'son  to  hold  llie  bar  graeped  in  hia  hnoil,  without  a  alight  punful 
ition  of  burning.* 

It  (be  eSeot  of  comprDSBion  is  eiliibited  in  a  more  atriking  man- 
in  tbe  production  of  heat  from  gaaeaua  fluids,  as  comnian  air- 
Wben  nt  ia  forcibly  compressed  bj  dnviog  dowa  tlie  piatoa  of  a  ej- 
finga,  nearly  closed  nt  the  end,  great  heat  is  produced  ;  and  ayringea 
kaTebseD  constructed  for  the  express  purpose  of  procuring  dre.thehest 
•TolTed  by  the  compression  of  air  in  tbie  manner  being  sufficient  to 
Idndle  dry  tinder  or  touchpaper. 

""  e  cbemicnl  operations  in  tie  progress  of  which  heat  is  produced 
umetous,  and  suioiig  the  tnout  remarliable  cauxea  of  the  eTolutioa 
(^hest  from  bodies  becotning  united,  go  as  to  form  chemical  compounds, 
-  a  those  arising  from  combustion.  .\ll  substances  are  not  capable  of 
^Tgoing  comboation ;  and  hence  tbe  division  of  bodies  into  two 
ims,  namely,  oombustiblea,  or  inflammable  bodies,  and  incombusti- 
w,  or  noo-indaoimabla  bodies.  AtnoTig  Che  fonuer  are  v^Blable 
bstancea  in  general,  aa  wood,  charcoal,  and  oils ;  most  animal 
bmanoes,  as  hair,  wool,  horo,  and  fat ;  and  all  metallic  bodiei. 
»  olssa  of  non-combustibles  includes  stones,  glass,  and  aalta.  The 
ter,  when  exposed  to  high  degrees  of  beat,  under  such  circnm' 
mces  that  they  cannot  undergo  chemical  decomposition,  may  be 
.  ida  to  display  the  usual  appearance  of  lire,  or  the  combination  of 
Hglt  and  heat,  variouslr  designated  by  the  terms  glowing,  red  heat, 
nwhite  heat,  denoting  different  degrees  of  incandescence,  snd  when 
M(ded  again  to  their  original  temperature,  it  will  be  found  that  little  or 
fio  alteration  has  been  produced  by  the  high  temperature  to  which  they 
waay  have  been  exposed.  But  combustible  bodies  are  very  difl'erenlly 
•ffeoted  by  heat.  Some  of  them  at  comparatiTely  low  temperatures  be- 
oome  combined  with  the  oiygeu  gas  contained  in  the  atmosphere 
Btmind  them,  end  they  all  undergo  similar  transformations  at  certain 
Innperatures,  end  during  such  processes  heat  in  the  form  of  Gre  ia 
liaauenlly  exhibited. 

Among  the  simple  instances  of  the  effect  of  chemical  combination  in 

causing  the  appearance  of  heat  may  be  noticed  the  increase  of  lempera- 

tnre  that  takea  piece  when  water  is  mixed  with  alcohol,  end  which  mar    _ 

F%«niadily  perceived  on  applying  the  hand  to  B  phial  couta' 

•  Eneyclopjed.  Metropol.— Mixed  Sciences,  p,  70. 


two  fluidB  JDSt  after  tbey  have  been  iotrodaced  into  it.  But  the  mU- 
tuK  of  n-Bler  with  aulpburic  noid,  or,  as  it  ia  commouly  culled,  oil  oi 

precediug  ;  for  ii*  an  ounce  of  sulphuric  acid  be  poured  Into  a  bottle, 
contsiiuii|:  eight  ouuces  of  wntcr,  the  glanawill  beao  muuhheatedwito 
render  it  impossible  to  hold  it ;  Rnd  a  mora  Tioleut  heat  may  be  pro- 
duced by  increaiing  tfaa  jiroportioD  of  the  acid.* 


Ditalathn  or  Eipanaim  of  Boditi. 
The  moat  obvious  and  direct  effect  of  beat  or  eialtation  of  tempt^ 
ature  is  to  add  to  the  bulk  of  tbe  heated  body,  or  to  increase  iu  dimo- 
aiona,  geiierall;  in  all  directiDna.     This  talies  place  in  solids,  liqu)da, 
and  gasea,  without  alteriog  Iheii  esaential  prupertiea.    The  eipanuTV 
efieot  of  bent  on  solida,  may  be  exbibiled  ^f 
means  of  a  cylindrical  bar  of  iroo,  oa  ram> 
aented  in  the  marginal  figure.  Wheooi^il 
will  be  found  that  the  oylinder  A  B  nill  ex- 
actly tit  into  the  space  C,  in  the  braasefug* 
A.^^S^S^SSB       SKiiexad  ;  and  it  will  also  pass  through  u> 
■^^^^^^^^^^  apBrlure  D  j  but  when  heated  bv  plunpi^!f 

I  for  aome  time  into  boiling  waterj  it  wIU  be  « 

II  mach  expanded  that  it  will  no  loDgerfitiolg 
fl  the  spni^e,  or  enter  the  aperture.  IflhallK 
^                      be  cooled,  either  slowly  by  eipoiure  to  &» 

air,  or  suddenly  by  covering  it  with  ice  or  anow,  it  will  again  be  CM- 
Cracted,  snd  pasa  into  the  coTitiee  as  before.  The  more  highly  (be  bw 
is  heated  the  greater  will  be  the  amount  of  its  eipanaion ;  and  on  clu 
contrary,  when  cooled,  its  oontractjen  will  be  in  proportion  to  die  t*' 
duction  of  its  tempecatuie. 

The  effect  of  heat  in  eipanding  Botid  bodies,  and  especially  mstalA 
Iiaa  been  advantageously  applied  to  practical  purpoaeg.  Thus  coDpen, 
in  fixing  iron  hoops  on  a  caslc.  make  ibem  previously  very  hot,  bdO  jw- 
ing  adapted  in  that  state  to  the  periphery  tj  the  caaki  their  c — ■ — "" 
in  cooling  binds  U^elfaer  the  alavea  of  the  csak,  Wbeelwi 
•  Experiments  On  the  mixtoie  ol  sUl'^o™K?A»wVw*«iwii<ft 
fa  c/iiifequeiice  of  the  inteiiHeaeBteeDt^e«.;iio4.'a«a.>!i '**•« 
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le  iron  dre  or  bud,  wliile  it  is  nearlyred  bol,  to  tlio  woadan 
I  OBn-inge,  and  as  tbe  metal  CDDtmctB  in  oooliaj^,  it  cloapg  ibe 
mlv  together.  The  eipuisibility  and  ooDtractibilin'  nf  iron  aa 
t  of  temperature  demaadstbe  portioular  attention  of  offUitectB 
Tneers.nowthnt  metolis  ao  frequently  anhstituted  for  wood  iind 
the  conatruction  of  roofs  of  bnildin^.  piliora,  arcbea,  oniJ  far 
irpoBea.  Due  allovmnce  tbould  alnajs  be  made  for  any  aller- 
r  dimeasioos  in  metallic  beaiaa  or  aupporierHj  depimdin^  on 
ions  of  boat  and  cold  at  different  aoBBons  of  tba  ysar,  or  arising 
lierasuBee.  ]□  tbe  iroa  arches  of  Soutbwark  Hridge,  erected 
Wb  Mr.  John  Reanie  over  tbe  Tbumes,  the  extreme  variations 
Iphanc  temperature  occaaion  a  difbrence  of  height  at  different 


exRinpla  nf  the  influence  of  beat  on  the  dimenajons  of 
rat  exhibited  some  years  since  at  Paris,  in  the  method  adopted 
king  to  a  perpendicular  direction  tbe  declining  walla  of  s  gal- 
Ow  Abbe^  of  St.  Martin,  new  the  Conaervatory  of  Arta  and 
The  weight  nf  lie  roof  had  pressed  ontwarda  tbe  side  wall* 
ItraoturB,  and  eiclted  apprebensiDoa  for  its  aafety,  when  M. 
oontriTfld  to  render  it  aeoure  by  the  following  process  :  Sereral 
ere  made  in  tbe  walls  opposite  to  each  other,  through  which 
troducad  iron  bars  stretching  aoross  the  gallery,  with  their  ei- 
Bitending  beyond  the  waUa ;  and  to  theae  projecting  parts 
)wed  strong  iron  pUtea,  or  rather  targe  broad  nuts.  Each 
bar  was  then  heated  by  means  of  powerful  lamps,  and  tbeir 
leing  thus  increased,  the  nula  which  had  become  advanced  be- 
e  wails  were  screwed  np  cloae  to  it.  and  tbe  bars  suffered  to 
fhe  powerful  conttBCtiDn  of  the  bars  drew  closer  tbe  walls  of  the 
I;  and  the  same  process  being  applied  to  the  intermediate  bara, 
Wted  several  timss,  tba  walls  were  gradually  and  steadily  re- 
the  upright  position,  and  tbe  danger  apprehended  from  their 

icbonbroek  ascertained  that  beat  not  only  expands  metals,  but 
vent  binds  of  stones,  chalk,  burnt  brick,  and  ulaas,    Such  sub- 
however,  most  be  perfectly  freed  from  moisture,  oVWiVvn 
of  temperature  will  occaaion  contmctiotl  o^  "aoWxivB.^i^  ^vfc- 
ibe  moisture.      Thaa  wood  aomatimes  acquiTBa  tttv  roote^sH  ^ 
triiyby  drying,     trom  some  BxpetunealaW  ie^no^"™ 
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veiglit  of  different  kinds  of  wood  at  Tiirious  degrees  of  drjnesi, 
corded  by  Mr.  Bstloic,  it  appears,  tbat  in  some  CHsea  there  is  b  c 
Biderable  iiugmentalion  of  upBcific  gravily.  A  piece  of  Riga  fir, 
inches  thick,  last  \  of  an  inoh  in  aeasoning,  and  the  weight  of  a  On 
fool  was  increeaed  from  54£  oaocea  to  bSi  ;  a  piece  of  American  pi 
pine,  7}  inches  in  thickness,  lost  }  of  an  inch,  and  (be  increaat 
weigbt  of  a  cuhic  foot  was  sb  518  Co  514 ;  a  block  of  Halifax  spr 
spar,  5{  inches  in  diameter,  was  reduced  to  5f ,  and  the  difference 
apeeiilc  grarit^  was  as  541  to  554;  and  a  block  of  Canada  gpiuoe  ip 
4j  inches  in  cUaiDstei,  lost  |  of  an  inch,  and  the  difiereoce  of  spH 
eniilj,  or  weight  of  a  cubic  fool,  was  in  the  ruCioof  485  to  dlS  ; 
in  most  other  cases,  the  loss  of  veight  was  greater  in  proportioB  ll 
the  diminution  of  hoik.'  The  effect  of  temperature  in  the  expana 
■ad  GoDtrection  of  glass  is  an  object  of  common  obBerration,  and  I 
comes  the  cause  of  fretjuenl  accidents.  Tbough  the  degree  of  e^ 
aionwbich  takes  place  m  glass  at  any  giren  tsmperatuia  is  proporti 
ally  much  less  considerable  than  that  prodncad  in  metals,  plal 
Bicepted,  yet  from  the  irregularity  of  the  effect,  glass  ia  easily  bfol 
by  the  sudden  application  of  heat.  Glass  goblets  and  tumblera 
very  liable  to  fracture,  when  water  Leated  alniost  to  (he  bailing  pC 
is  poured  into  them  ;  and  the  danger  will  increase  in  proi>artioD  to 
thtckne!is  of  the  glass ;  for  thia  substance,  admitting  beat  to  p 
throogh  it  but  slowly,  the  inner  anrface  becomes  heated  and  diatem 
by  the  hot  water  before  the  outer  surface,  and  the  irregular  expaqa 
causes  the  vessel  to  break.  In  Ibis  manner,  the  glass  ctiimnevs  tun 
general  use  for  oil-lamps  and  gaa-bumers  are  often  destroyed.  M.Cl 
de  Vnui  states  that  the  danger  of  fracture  may  be  prevented  by  auk 

establishment  where  six  lamps  were  lighted  every  day,  this  preeMU 
being  adopted,  not  a  single  glass  was  brobeo  by  heat  in  the  cooCM 
nine  years.  A  bottle  of  wine  placed  near  the  fire  in  cold  weatbei,* 
BomBtimeafly.aa  it  is  termed,  especially  if  a  draught  of  air  falls  oo  i 
aide  while  tbe  other  is  receiring  heat ;  and  the  glass  cylinder  or  pi 
of  an  elertrical  machine  may  be  cracked  and  spoiled  by  inoauliau 
placing  it  in  a  similar  situation. 

Oo  the  relative  expansibility  of  different  metals  by  heat  di 


'  See  Eacyciop.  Mttiopol— M.iiE4  ?«\«ace4,io 
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•pentiDa  of  compeDeatiiig  peDduluma,  naed  for  timekeepers  and  ulro>'J 

Boniical  clocks." 

L  The  iodueuce  of  hent,  ns  a  dilstiag  or  expanding  pcner,  applied  to 
Bquids  is  greater  tban  in  the  case  of  aolids.  £ut  the  degree  of  actian 
Bpliidi  it  eierta  is  different  with  respect  to  different  liquids ;  8o  that 
Bteciliol  is  more  rendil;  expanded  ilian  fat  oils  or  elhsr.  the  latter  are  more 
KipHnsible  Ibtm  nater,  and  water  more  so  than  mercury.  Thia  might 
Imi  eiperimentntlj  demanstrated  by  filling  the  bulb  of  a  large  thermo- 
EwRer  tube  with  each  of  tbeae  liquidi  iu  auciBBsion,  and  Iben  present- 
EJfg  the  hntb  to  a  lamp  at  precisely  tbe  same  disuace,  aad  observing 
jne  height  to  whtcb  the  liquid  would  rise  in  each  case  ia  a  given  time. 
BvH  difierent  liquids  undei^  different  degrees  of  eipansioa  at  the  same 
EWnperature,  so  the  eipaosihility  of  one  liquid  will  be  found  to  in- 
■ReBSfl  or  diminish  under  variations  of  temperature  in  n  different  ratio 
[aom  those  whicb  regulate  the  eipansiDa  of  other  liquids.  This  irre- 
dnbi  effeet  of  heat  ia  chieflf  obserTable  in  liquids  which  boil  at  a 
nbttparatiTelj  low  temperature,  as  ia  the  case  with  water ;  while  mer. 
Bill/,  which  requires  a  great  degree  of  heat  to  make  it  boil,  or  become 
BMpOnted,  uadei^oes  more  nearlj  the  same  amount  of  expansion  by- 
He  idditioD  of  any  given  quantity  of  heal,  whether  at  a  low  or  bign 
Kmperature  ;  and  hence  its  utility  in  the  construction  of  instruments 
B[  measuring  heat. 

Bf  The  influence  of  temperature  on  the  bulk  or  dimeasions  of  aeriform 
bdies,  whether  permanent  or  non-permanent,  is  more  strikingly  eihi- 
Bted  than  in  the  case  of  liquids  or  solids.  'I'bts  may  be  ascertained  bj 
W&ins  B  bladder  half  filled  with  air,  and  tying  it  so  (bat  none  can 
ticape,  when,  if  it  be  held  near  the  fire,  the  included  aimill  expand  till 
XM'bladder  is  fully  distended  ;  and  if  while  in  that  slate  it  be  plunged 
ffto  cold  water,  the  air  will  contract  in  bulk,  and  the  bladder  become 
Accid.  Snob  a  bladder,  if  very  thio,  would  form  an  air-balloon, 
nrhicfa  would  ascend,  when  lieated,  to  the  ceiling  of  a  lofty  room,  and 
Kl  down  as  aoon  as  by  the  gradual  cootiogof  iheair  within  it  the  spe- 
KGc  gravity  of  the.maas  was  reduced  below  tiiat  of  an  equal  volume  of  the 
WUtounding  air.  Tbe  expansihilitj  of  air  by  heal  may  also  be  demon- 
Mraled  by  means  of  the  apparatus  represented  in  the  margin  of  tbe  next 
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It  consists  of  a  loBg  glasa  tube  A  B,  with  s 
bulb  at  one  end,  Hnd  opea  at  tbi-  othsr,  nbich  is 
plangBd  into  tbe  jnrof  water  C  ;  then  od  heating 
the  bulb  by  Taenia  o(  tbe  lamp  D,  the  air  withiu 
the  tube  irtll  become  expanded,  and  isauiog;  in 
Urge  bubbles  from  tbe  aperture  B,  it  wilt  iiM 
raiiiJly  tbrougb  the  water  in  the  jnr.  On  t«- 
moving  tbe  lamp  after  n  coaeiderable  portion  of 
the  atr  baa  been  expelled,  the  n-uter  will  rise  in 
the  hibe  to  supply  its  place,  aa  the  tube  eocds. 
The  respplication'of  the  lamp  to  the  bulb  It  » 
ilietnnce  than  before  Trill  again  dilate  the  included  air  and  ile- 
the  tube  ;  and  tke  liquid  may  be  made  thns  to  rias 


^  ,  .a,  Ibey  not  only  all  eipand  io  tbe  i 

proportion  at  certain  degrees  of  teoiperatBre,  but  their  rat«  of  eipaoaioB 
nn^r  any  iocreaae  of  temperature  ia  likewise  aniform.  In  this  raapnl 
it  will  be  perceived  that  iraaeona  bodiea  differ  from  soUds  and  liquids; 
for  while  both  the  latter  kinds  of  matter  display  the  utmost  diasiui> 
larity  in  (heir  relatione  to  beat  as  an  eipanding  power,  the  bimm 
nlwtyi!  undergo  ezpHDaioD  in  BiactproportiDD  to  the  d agree  «fM^^ 
peratnreto  which  tbey  ere  eipoaed.  ^^H 

I-nttrumentifiir  Metsuriag  Heat.  ^^^| 

The  universal  inSaence  of  heat  on  the  dimenaiona  of  iBBteiial  vX 
Rancea  stfbrda  a  cooTenieut  method  of  eatimatinj:  the  reliitire  quuititj 
of  heat  whicli  will  pcodace  any  giren  efteet ;  for  since  it  appeora  tfcU  % 
certain  increase  of  temperature  will  always  be  accompaniBd  by  u 
degreeof  eipansionof  bulk,  it  follows,  tliat  if  we  can  eatimateei 
the  de^ee  of  expansion  io  anj  f^iven  case,  we  may  tbeoce  ii 


tboaephiloaophic 


s'andP. 


*  From  (he  Greek  eip/ioe,  hot,  or  9fpl"l'Via„Mi4'i>\iTi 
f  Prom  Uvp,  fire,  aiid  Mtrpov, 
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AmODg  the  farmer  of  thme  inettuinenta  id  that  whicb  frequeatljncaom- 
psniea  the  barometer,  iadicHting  by  the  ecpanaioa  of  mercuiy,  or  spirit 
—  of  wine,  the  relative  temperature  of  the  atmosphere,  nt  diOerent 
t' times  or  places.  Tha  mercurisl  thermometer  consists  essentially 
■^  a  gloss  tube  with  a  bulb  at  one  extremity,  and  which  hanng  beon 
B-Uedwitb  meTcary  at  a  certain  temperatare,  iatroduced  tbrouj^h  the 
l-dpeD  end,  has  been  hermetically  sealed  while  iiill,  an  that  no  air  can 
^^fierwardB  entOT  it.  Aa  the  tnbe  and  mercury  in  it  gradually  become 
■  dBoled,  tbe  inl^loBed  Guid  contnictB  and  consequently  siuka,  lesTing 
v«io*s  it  a  vacant  space  or  riicuum,tliroughnhioh  it  may  again  eipand 
maa  Ihe  application  of  heat.  To  such  e  tube  it  is  uecessarj  to  add  a 
^4Aale  showing  at  what  height  the  mercury  will  stand  at  the  tempemtore 
KOf  freezing  water,  and  what  will  he  the  rate  of  expansion  at  any  other 
^nniat,  ae  that  of  boiling  water,  U^tlier  with  the  amount  of  eipnnsion 
WSit  rapilar  ioterrals  between  those  two  points.  Tbus  in  what  is  oalled 
Btta  oentigTBde  tbermometer,  new  used  in  France,  the  treeiing  point 
Kbf  wsler  ii  marked  dd  the  scale  lerofO") ;  and  the  boiling  point  lOO", 
Ine  iDtermediate  space  beine  accordingly  divided  into  one  hundred 
^Masl  parts,  re^larly  markeif  and  numbered  ;  and  as  the  scale  maybe 
^SntiiiDjed  to  any  required  extent,  abore  or  below  lero,  any  degree  of 

ffi■Bt^re  may  be  thus  ascertained,  at  least  between  tbe  (reeling  and 
iling  points  of  mercury  i  and  ss  tbis  metallic  fluid  requires  a.  far 
BteOTB  intenie  cold  than  water  does  to  maka  it  freeze,  so  it  will  take  a 
BUoh  greater  degree  of  heat  la  make  it  boil ;  and  tbe  scale  may  thus 
Hta  sMended  in  both  directions.     Mercury  freezes  at  —  40  deg.,  or  40 

HMb  or  becomes  sublimed,  in  mcun,  at  -|-  SM  deg.,  that  is,  it  takes  a 
IMe;1i«t  temperature  by  HoO  centigrade  degrees  to  make  it  boi!  than  is 
Hnmuied  to  make  water  bait. 

^P  Any  Huid  mij^htbe  employed  to  mark,  by  its  relatice  eipansion  and 
^BnDmctian,  the  temperature  to  which  it  might  be  exposed ;  and  thus 
Bpdpbniic  acid,  water,  alcohol,  oil,  and  air,  have  been  Tariously  adopted 
^b  the  Mmatruction  of  thermometers  for  different  purposes,  'tbe  inven- 
Hpdn  of  ibia  uaeliil  instrument  app«'Brs  to  have  occurred  in  the  early 
^K*rt  of  the  sereiiteenth  century  ;  and  tbe  mode  of  meaBunnKUet.t&nK. 
^Smployed  was  by  observing-  the  ej[|>Bn8Lon  of  sir  coufenei.  vi  *■  ^J*"* 
nibe.  JuifviKiej-uDcertjiin  mill  whom  this  ide»ot\5\iiMB*'\'^'*-™-'^\ 
■fe»  irio  Aare  laid  alaim  to  i(  may  be  mendooed  Ci>Oie\\i*  'ii»W«v, 
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of  AUmMT,  iQ  HaUmd.  uid 
Padum,  ka  luW  ;  ud  it  it  not  improlirilktiMlhBi 
the  relttire  MfccI  of  hii;h  or  low  tenpcntorB  ■«  ten  bcaa  indiftB^ 
tolij  adopted  by  both  thoie  in^aiioia  mcb.  DutttLl,  rim  fHMl 
•ome  |«rt  orhii  life  in  England,  m  the  roga  of  ClwlesI^cereuB^i^ 
troduoed  t)i«  knowledge  oftlie  thmDoneHr  ibM  t^aatamxij,  Bstd* 
oHgiliBl  lliennameleT  was  a  rery  iAper&ct  lUMn^Hnt,  It  *^^—***»^ 
of  a  gluK  lube  with  b  bulb  turned  npwvidi,  and  tlialoa^paniaii  of  ^ 
■tnn  putly  filled  ndtb  a  coloured  Uijoid,  and  iBT«rted  m  a  ^otafar 
bottla  parti*Ily  filled  witb  [be  same  liaaid  ;  «o  thai  the  poctioa  bC  m 
infludM  in  tke  bulb  sod  upper  pan  of  the  tabe  was  expowd  to  » 
nunpfaeric  prauore,  uod  (berefore  ibe  effect  of  beat  oo  it  maid  Dotto 
aeaurilaly  apprefliated.  It  was  indeed  marely  adapted  to  affi>rd  a  |» 
neral  MUmale  of  tbe  influence  orteoiperalareoatliebultof  air;  mM 
in  the  aamB  manaer  a*  it  ia  eihibited  by  tbe  appuatua  previinsly  <•■ 
■eribed.*  Tbiakind  ofthermonieter  WHsiniproTed  by  the  French  plu- 
l»opbi>r  Anontona;  and  Sir  Jobu  Leslie,  ))r.  VVollaatan,  and  oiun 
liara  adopted  aeversl  modificatiansof  theair-lhermoiDeter,  as  adalicatt 
inatrumenl  for  indicating  trifling  rariationa  of  temperature  :  but  lb> 
extrsmo  aaiuibitity  of  air  to  tbe  impression  of  heat  must  erer  coate 
ita  tttiliry  to  aucb  purpOBea  oatbosojuat  mentioned. 

The  greatest  defect  in  tbe  early  tbenDometera  arose  fiom  tb«  wul 
of  a  regular  scale  of  temperatute,  with  Gied  points  to  form  a  na- 
dium  of  Dompariaon  betweea  the  effects  of  bent  as  eihibiied  andB 
different  circumatanceB,  or  in  its  operation  on  different  bodies.     Boylt 

Eropoied  the  congealing  point  of  oil  of  aniseed  for  this  porpoMi 
lit  Ur.  Robert  Hooke,  with  greater  propriety,  reconunended  A* 
freexing  point  of  diitilled  water ;  and  Sir  laaao  Newton,  adtfliiig 
thisaa  the  commeucenient  of  bia  acale,  or  tbe  point  aero  (O'),  he  aaoa- 
lalned  that  SV  would  mark  the  boiling  point  of  water,  as  indicalBit  U 
till)  relative  Hipanaion  of  linseed  oil,  Ibe  fluid  which  he  employeduill 
h{«  IhaTOiomcter.t  'I'he  discovery  of  (wo  fixed  points  fiii  lliiilbiiiiiiuns 
trioal  aaiix  contributed  raatly  to  the  improTement  of  tbe  instninwf: 
but  that  of  Nawlonwaa  rendered  imperfeclby  tbe  nature  of  the  inelaprt 
Auid,  which  did  not  move  freely  within  tbe  tobe,  and  by  tbe  uu)0»> 
vunieot  lanEth  of  the  ilegreeBodliBMfflle,  HenceolbermeuofKiBS* 
emplojtA  tLaiDHlvea  iu  coWwSo^Vj  ■nncnu.iuAiD&i.xauiquMlba 

See  Cows."  a  ^■J*'"*^-^**'*""'™"*'^^'' '°" 
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[racy  of  Ihia  inatniment.  Rftaanmr.in  Fnuice,  invented 
filled  with  tinged  spirit  of  wine,  with  a  scale  divided 
ID  80  degTuoB  between  the  iieaziug  and  the  bailing  points  of  WBter. 
nra  spirit  of  wiue  boilsKt  alower  teiDperaluie  than  water,  nnditconld 
DTd  DO  indieiCion  of  any  degree  of  beat  beyond  its  own  boiling  point, 
tliis  Bocount,  tiiB  apiriluous  fluid  was  eiolianged  for  metcury ;  and 
sh  a  tnereurial  thermometer,  with  Rpsumur'a  soalo,  was  in  general 
)  in  France  till  the  period  of  tlie  rprolutian,  wiien  it  wag  superaedad 
.  the  centigrade  tbennometer,  already  noticed. 

'The  employment  of  mercury  aa  tbe  moal  auitable  fluid  for  the  ther- 
"  T  ia  nsually  attributed  to  Fahrenheit,  a  native  of  Dautiio,  who 
at  Amalerdam  as  a  philosophicid  iuEtrument-miiket ;  and  hia 
having  tbe  merit  of  great  Bccuracy  and  neatness  of  exe- 
iBaa,  becune  much  sought  afler,  and  his  name  has  been  permanently 
nnected  with  that  fonn  of  the  thermomeleT,  now  generally  used  io 
ngiand,  Holland,  and  the  United  Statea  of  North  America.     It  ajw 

■»,  however,  from  the  staleMenI  of  Boet h(i4ve,  that  tbe  improvement 

'  tbe  thermometer,  so  tar  na  relstea  lo  filling  it  with  mercuty,  and 
iingon  the  pecnliar  scale  denominated  after  Fahrenheit,  ought  rnther 
be  ascribea  to  0!aua  Roemer,  a  Danish  pbiloaopber,  to  whom  wO 
the  discovery  of  the  velocity  of  light.*  The  peculianty  of  this 
leooe  at  the  freezing  point  of      ""     ""  " 


discovery  of  th 
.  that  it  does  DOl 
icenda  mach  below  it 


is  usually  stated  that  }^  ahrenheit  obtained 

ced  the  graduation  of  bis  ihetmometera,  by 

g  artifioial  cold  from  the  mixture  of  common  aak  and  snow; 

It  from  tba  authority  juit  cited,  it  appears  that  zero  of  Fahrenheit's, 

«  Roemer 's  acale,  waa  derived  from  Ihe  lowest  degree  of tempara- 

to>  or  ^eolest  cold  which  had  been  obaerred  in  Iceland,  which  ww 

>d  OD  from  sn  erroDeouaauppOBition.thatthiswaBlheoitremeoflow 

jierataTe  whiob  was  ever  likely  lo  become  the  object  of  philoao- 

nl  iavestigatiou. 

Lmong  the  numerous  modifieatioofl  of  the  tba rmometor  proposed  by 

RniouB  met),  as  adapted  to  the  gi'ueral  purpose  of  indicating  varia- 
of  temperature,  tbe  only  one  besides  the  preceding  which  reqairan 
lie  here  noticed,  ia  that  of  J.  Delisle,  member  of  tbe  Academy  of 

5,  atSl.  Peteraburg.     It  differs  principal  It  irom  other  inatru- 

•nt*  in  having  a  scale,  the  graduation  of  which  oonunenoea  at  th^ 


BoEFfaaavil  E 
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boiling:  poiat  of  water.  Dud  is  recknned  doiniwardg :  the  distiaio«|g| 
freeEiag  point  beia^dmdpd  into  130  degrees.  Its  use  is  neBrW  cd 
to  the  Russian  empire,  n  het e  il  ia  generally  adopted  bj  men  of  sci 

At  iho  centifrrade  tbormometer.  originally  invented  by  OlMtie  C 
sius.  of  Upnl,  in  Sweden,  nndlliatof  FBhrenbatt,  are  at  present  cun- 
monly  used  in  re^atering  observations  on  tempenture,  in  Franoe  and 
Great  Britain,  wbile  those  of  Keauuiur  and  Delisle  faave  boen  employed 
hv  seroral  aminent  philoaopIierBin  making  and  recording  their  peculiar 
obaerTBtions,  it  becomes  requisite  that  tbe  menna  sbould  be  uSbrded 
for  ascertaining  tbe  lelatiye  value  of  degrees  of  temperature,  according 
to  eitber  of  ttiese  BCalee,  and  of  concerting  any  giceu  number  of  de- 
grees belonging  to  one  scale  into  degrees  belonging  to  that  wilb  wbidt 
ve  are  most  famiLnr.  Fabrenheit's  scale,  commencing  at  zero  (0*^), 
ascends  tu  33°  tbe  freeiing  point  of  water,  and  thence  to  213°,  the 
boiling  pointy  so  ibat  there  are  ISO  degrees,  in  the  ecale  betweea 
these  Aiod  points. 

Tbe  tbllowing  table  eibibits  lorresponding  numbers  of  tbe  earCTsl 
scales  of  Fabrenbeit,  Reaumur.  Delisle,  and  Celsius,— (nr  tbal  of  iha 
oenligrade  Ibermoroeter) — from  a  temperature  IS  degrees  above  tlia 
boiling  point,  Fahrenheit,  to  96  degrees  below  zero. 


Mir. 

Reaumur 

DdWo 

Ccntignute 

g 

284 

85  3-9 

10 

106  6-9 

BO 

0 

100 

Boiling  poiut  of  water.      ^M 

193 

71  1.9 

16  4.6 

88  8-9 

56  a-9 

43  S-6 

71   1.9 

43  6-9 

70 

53  3-9 

aa  4-9 

%  4-6 

35  5-9 

Blood  beat.                           fl 

64 

17  7-9 

^M 

3a 

Freezing  point  of  WBMri^^H 

176  4-6 

32 

303  3-6 

55  5-9 

39 

31  5.9 

209  1-e 

39  4-9 

Freexing  point  of  meroms^l 

64 

43  6-9 

230 

5.1  3-9 

90 

54  a-9 

351  4.6 

67  7-9 

Greatestknown  degree  of  3S 

96 

56  a-9 

S56  4.6 

71   1.9 

1 

HeaCB  it  will  nppenr,  that  1°  of  Fahrenlieit's  scale  is  eijual  K 
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Huntir'*!  I "  of  Dellsla'a,  and  f  °  of  the  ceDtigrsde  scale.  TIierefare#  1 
■der  toconvertanjamuberoi  lisgreea  ofKesiumur  into  corrcapond-'  ' 
degrees  of  Falin-nlieit,  cbe  given  number  musL  be  multiplied  by  9 
1  dirided  by  4,  nnil  if  it  be  u  uumbet  above  zero,  33  must  be  added 
fas  product,  gnd  the  Hiaount  will  be  the  degree  requited;  bat  if  tbe 
.Dber  be  below  zero  of  Reaumur,  and  above  aero  of  fahrenbeit,  tbat 
lUij  Dumber  leu  llian  14^",  tbe  product  must  be  subtracted  from 
'  '"  *"  hea  number  IkIow  141°.  S'i  must  be  subttaoted  from  tbe 
btain  tbe  degree  requirnd.  la  tbe  same  manner  the  cw- 
between  degrees  of  the  centigrade  soale,  and  that  of  Fah. 
leitmey  be  ascertained,  oulj  tbe  given  number  of  centigrade  de- 
■  must  be  mulliptied  bv  9  and  divided  by  6.  To  oonverC  degrees 
.Sslide  into  degrees  uf  Fuhrenbeit,  tbe  girt;  '^  -  -  '  '      ' 

"   '  '      "       "   '■     ded  by  5,  and  the  produi 
squired  ;  but  if  tbe  number 
■faeiti  or  176J  Delisle,  31S  must  be  subtracted  from  the  product}  n 
I  if  tiie  number  raqnired  be  degrees  of  Delialc  above  Mro.  3X1  mnn    ' 
mdded  to  tbe  product  to  obtain  tbe  number  required,  denoting  tlia 
naspondiag  degree  of  Fahrenheit. 

any  degree  of  temperature  between  ()44  deg.  Fsbrenbeit,  at 

I  me  liquid  boila,  nod  S9  deg.  below  lero,  at  whiuh  it  freexes. 

HI  meDBuration  of  more  Intense  degrees  of  cold,  a  thermometer 

w  employed  filled  with  alcohol,  tinged  red  by  mesas  of  alkanet- 

fbi  that  fluid,  when  otherwise  perfectly  pare,  will  remain  uncon- 

lala  temperature  mucb  lotvertbDnthetat  which  mercury  freezes.* 

Ae  there  is  no  known  liquid  that  continues  unevnporated  at  a  higher 

Bperatore  than  mercury,  tbe  relative  effect  of  very  hif;h  degrees  of 

M  JB  usually  estimated  by  the  alteration  of  bulk  that  takes  iilsce  in 

lid  bodies.     Heat  generally  eipanda  aubstancea  of  all  kiuds  ;  but 

r.Wedgwood  observed  that  fine  porcelain  clay  becomes  coDtracted 

•ip<wuie  to  great  beat;  and  he  found,  oa  investigation,  thut  pieces  of 

H  day  carefully  dried,  and  then  exposed  to  a  red  heat  in  a  fumacB. 

bibilAd  a  aensiblB  degree  of  contraction,  which  remained  when  they 

kia  became  cool;  and  as  it  tiirther  appeared  that  the  coatractioD  pro* 

tdsdwitli  the  HuPmentstion  of  heat,  till  vitrifactioa  took  plac 

J, faecoDecnTed  theideaoffoiming  a  pyrometer,'     ~ 


The 
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oonsisting  ef  a  number  of  Imt-pieoes  of  prepared  cW,  in  the  sbspe  of 
Bmall  fliitlened  cylinders;  and  h  aoale  compoaed  of  brasa  rods  J-ineh 
square,  and  ?  feet  long,  fixed  to  a  bnsi  plnte,  obliquely  iucliniug  io- 
irarda,  bo  as  to  be  eomewbat  nearer  together  at  oue  end  tlian  at  the 
□tber,  and  marked  with  a  Bcale  of  equal  parts,  commencing  al  the 
wider  eitramity.  Aa  the  contraction  of  the  clay  pieces  ia  permanent, 
a  fresh  one  must  be  used  for  each  trial,  which  is  to  be  made  by  eipoa- 
iag  one  or  more  test-pieces  to  the  heal,  the  intensin  of  which  is  to  be 
ascertained,  and  when  thus  henled  and  again  cooled,  the  contiBclian 
that  has  occurred  is  to  be  measured^  by  sliding  the  pieee  between  the 
brass  loda  as  far  as  it  will  go,  and  observing  the  diminntion  of  bulk  aa 
indicated  by  the  scale,  all  the  piece*  being  adapted  exactly  to  fit  the 
widest  pnrt  of  the  scale  betbre  tlieir  eiqioaure  to  the  heat,  the  eetinuitioD 
of  which  ia  the  object  of  eiperimerL  TbeBeeminglyuiamntoaaeffiict 
of  heat  on  which  the  property  of  this  iostntmeot  depends  may  lie  ac> 
counted  for,  aa  the  result  of  the  concentration  of  the  particles  of  lbs 
clay  by  the  more  intimate  union  of  the  argillaceous  and  siliceous  eoitlu 
of  which  it  is  composed. 

Each  degree  of  Wedgirood's  BC>Je  is  equiralent  to  130  d^reet  of 
that  of  Fahrenheit-,  and  the  former  commences  at  1D77°.5  of  thelattH 
scale.  The  mode  adopted  for  instituting  a  comparison  between  the  two 
BCftles  was  by  ohaerving  tlie  eipnnsion  of  fl  pyrometiic  piece  of  ailrw 
and  of  a  teat-piece  of  clay,  aa  rclatiTely  eihibited  at  50  deg.  and  i(l! 
deg.  Fahrenheit,  and  at  tig;her  temperatures  aa  indicated  by  the  brass 
scale.  Marine  thus  oblsined  a  common  measure  of  high  temperatute, 
the  inrenlor  ol  the  pyrometer  proceeded  to  make  varioua  researches 
concerning  the  melting  pointa  of  metals,  and  other  subjects;  and  it 
may  be  stated  us  the  result  of  his  inquiries,  that  (he  greatest  beat  be 
ever  procured  was  ti-om  an  air-furuece,  amounting  to  ISO  deg.  Wedg- 
wood, equal  to  31,B77  deg.  Fahrenheit.  Doubts  have  been  atoned 
whether  the  contraction  of  clay  afforda  a  uniform  measure  of  lempaia- 
ture  ;  and  the  more  recent  inveatigationa  of  M.  Gujtoo  MorToau,  and 
Mr.  Daniell,  render  it  very  probable  that  Wedgwood  fonned  his  com- 
parison of  [he  pyrometric  and  the  tl)emioa:ietric  scales  on  an  erroneous 
assumption  relative  to  the  melting  point  of  silver.  Hence  the  calooii- 
tions  grounded  on  eiperimenta  made  with  bit  pyrometer  are  not  to  b« 
absolutely  depended  on  ;  though  the  instrument  ia  well  edspted  Id  tbe< 
exigencies  of  the  potter,  as  afbrding  tbemeana  of  ascertaining  the  heil 
o/Aimsiles  wilb  euffideilt  exactnesa  rormany  purpoies.  ^  .^ 
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<yionieterB  buve  lieen  invunted  b/  vi 
iog  differeat  motliiida  for  mensuring, 
rulHtire  esj>ajiflioQ  of  bars  or  wires 


Several  of  these  I 


I 


idplsoftbatra- 
presented  in  iho  margin,  in 
which  a  bar  of  metal,  A,  maybe 
go  plaaed,  that  wh«u  expand- 
ed by  the'heat  of  u  lamp.  B,  one 
eitremity  being  filed  the  other 
will  press  ajaiast  a  1 


id  by  m 


uatad   t 


<r,  the  effect  of  hent,  npplied  in  tbe  same  manner,  for  a  girea  length 
e,  10  ban  nf  iliSerent  metala  bnv  ing  the  aame  leogth  BDd  diBmetWi, 
iaj'  be  ascertained.  Mr.  Uaniell  contrired  a  pyrometer  adapted  t^ 
lorH  the  Bipansion  of  a  rod  of  platina,  made  to  move  an  index  OTe» 
tl-plue  divided  into  360  degrees,  each  equal  to  7  degrees  of  Fahi> 
_  eit.  He  published  an  account  of  experimenta  made  by  means  of 
ia  pyrometer,  the  result  of  which  maybe  subjoined,  as  being  probably 
")  moat  exact  yet  extant  relative  to  the  effects  of  high  tempi-' 

Malting  point  of  tin 


•oicU. 


Fabrei 


anth 

Boiling  point  of  mercury 
Slelling  point  of  lino 
Bed  heat  visible  iti  full  daylight 
Heat  of  a  common  parlour  fire 
Malting  point  of  brass  . 


-  cojiper 
-gold 


I 
1 


*  FordnicripHonaBdd  llEurca  of  anuml 
n  BrUlHli  abiL  fon^tp  phUobopherB,  aee  k  i  ichuk  cd  me  i  nenompcuf  aaa 
'  J-,  pobUilicd  by  the  Sucletr  [di:  tliB  DiSuiloa  ot  Uvihii&BMxVAv:. 
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FfTomeuri,  or  isthn  metallir  chenDometers,  eidted  for  measiuii^ 
with  grenl  Bccurocy  small  Tariatiooa  of  temperature,  h«ve  bueo  mb» 
■tnicted  bv  conlemparBr)'  Brtii^la,  among  wlicni  maj  be  Bpecified  Bcegnet 
and  Frederic  Hounel,  of  Patis.  and  Holimann,  of  Vienna. 

Id  the  pTOHeCDtioD  of  deliciite  expeTimenla  on  the  infloence  o(  to- 
perature.  those  thennometers  may  be  moat  adTant^eousljMBplojBdiB 
wbich  the  effect  of  heat  is  oiLib'jtcd  hy  Ihe  expansion  of  air,  incloW 
ia  a  small  tube  irith  a  scale  anoeied.  Araoog  the  more  recRCit 
nseliil  farms  of  such  iostrameDta,  the  most  impartant  it.  thai  callei 
Diffe»nli»l  Thermometer,  inveDted  hj  Sir  John  Leslie,  and  deccriM 
in  bifl  "  flxperuneatal  Inquiry  into  the  ^Natore  of  H^t." 

J t  coosttts  of  two  bulbs  or  glass  apheruleg.  A  asd  B> 
nonnecled  by  the  tube  C  D  E  F,  bent  to  ice  at  ngh 
sQ|;les,  aud  Bupportetl  by  u  wooden  stand.  U.  VOOol 
the  lube  ia  a  small  quantity  of  coloured  sntphnw 
acid  ;  and  when  a  heated  substance  ia  brought  B«n" 
tUe  bulb  A.  the  inclosed  llqaid  recedes,  and  risMi 
the  oppoBite  aide,  n-liere  ita  relative  hfliE-bl,  h  JM 
CDlad  by  tbeacale  attached  tolhetnbe  F/F.  frill  ■Ix 
(hp  degree  ofeipansioa  of  the  air  intbetubeandtaw 
A  Cii.  Una  of  the  principal  advantages  atteodim 
liia  use  of  this  iagtrumeol  ic  its  not  bein^  liaU*  I0 
error  liom  changes  in  the  temperature  of  tbe  aWi 
sphere;  for  the  heal  of  the  sunounding  ait  must  act  on  both  balbt 
in  the  same  mailuer.  therefore  when  a  healed  object  is  applied  to  OH 
bulb  only,  the  whole  effect  produced  by  it  will  appear  from  the  dif- 
ferent amount  of  eipaueion  of  the  iucloaed  air  ;  or  if  a  cold  object  he 
applied  the  effect  will  be  equally  obvious  from  the  different  cODtracdoD 
irhich  takes  place;  and  hence  tbe  inslniment  is  named  udijffrtntiil 
themujiueter. 

The  actual  amount  of  expansion  that  takes  place  in  different  bodiei 
xaised  to  the  anme  temperature  is,  la  alresdv  ohserveJ,  by  no  meuu 
equal.  According  to  recent  experiments  of  Herbert  on  the  expansioti 
ofaolids  byheat.it  appears  (bat  rods  of  giaas  and  sereral  metals,  of  lbs 

tbe  boilinit  point.  'Wma  itm  \ini^\»4\Q*l  dimensinns  of  each  being 
suDoosed  divisible  inW  \(W,QM1  ?m\i,»v^  fess,-'*>i&«^«^&,™iimL. 
«toce,  Bt  Hi  deg.  -vtsa  BMB™>tAai\i.ft«Wto«-%'f™if««™.-- 
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qnidx  also  expand  nnequsll/  nt  different  lempernturei,  Hud  differ- 
kinida  are  varioualj  aBected  by  the  same  temperature.  TEia  itre- 
f  vxpoasioD  of  liquida  mlerferea  with  the  reauita  of  experimeaCs 
(ity  maana  of  common  tbormomoters  ;  but  mercury  as  eihibiting 
iminifonai^  in  its  rute  of  eipanaioa  than  other  Suida,  ua  walec  or 
Kd,  ia  better  adapted  than  they  are  for  thennometnoai  inreatigatiiai*, 
•d  the  more  readily  liquids  emporate  under  the  influenae  of  hent, 
[leater  will  be  their  dilHtstim,  when  it  takes  place  without  ohangfe 
[B  ;  and  therefore  etber  and  alcohol  expand  more  in  praportioDflt 
Irelyiiigh  than  atlow  temperatures,  and  mercury,  which  requires  ■ 
theat  to  make  it  boil,  increaHeBila  rate  of  expansion  more  slowly, 
■e  following  table  ol  ihs  eipaosiona  of  liquids  ia  derived  from  the 
■Dhes  of  IVIr.  Dulton,  who  aaceitained  that  an  elevation  of  tempera* 
ftom  the  freezing  to  the  boiling  point  of  water  would  cauie  an  in- 
IB  of  Tolame  in  &  enauing  proportioua  : 

In  MercQiy  j.,  at     .         .         .         .  0-0200 

Water (I<H66 

saturated  with  salt  .        .  00500 

Sulpburic  acid O'OfiOO 

Muriatic  acid OOlMO 

Oil  of  turpentine  ....  0U700 

Ether 0'0700 

Filed  oils 0-0800 

O'llOO 
Nitric  acid 
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e  BtBled,  all  dilate  Hlike,  aui  aaiergo  ani- 

ot  different  temperatnrBs.  This  propertj  of 
I  on  their  being  daatitote  of  cohesion,  «oth«t 
the  influence  of  bent  npsrates  on  tbem  simpi;  and  independeotly,  its 
eflect  DOC  being  modiGed  by  any  apposing  power,  as  in  the  esse  of 
aolids  and  liquids.  Fiom  (he  eiperiinentH  of  Gay  Lnasac  in  Fmiw, 
and  those  of  Dalton  in  England,  it  appears  that  all  elastic  fluids,  whe- 
ther aira  or  vapours,  when  raiaed  from  the  temperature  of  3i  deg. 
Fahrenheit  to  liia  deg.,  b»coine  axpoadad  neBrl^  in  the  ratio  of  lOOta 
13T.5;  or  100  cubic  inches  of  gas  at  the  IVeeiin;  point  of  watei,  if 
heated  to  the  boiling  point,  ivould  be  augmented  in  balktalST^incbea. 
Henoe  the  Bipunaion  of  Tolume  for  each  degree  of  the  centigride  ihei- 
momeler  icould  be  O.ST!i,  or  reckoning  the  bulk  at  loro  as  1  (mrity), 
the  augmentation  for  such  degree  would  be  0,00375.  Dalton  estiraata 
the  increase  of  bulk  for  every  degree  at  0.00372,  which  would  benearij 
equiraleut  to  0.00308  for  each  degree  of  Fahnniheit'B  thermometer. 

Thus  it  appeapB  that  the  denaiCy  of  Bubatanceis  generally  bt^ars  B  ea^■ 
tain  relation  to  their  temperatora,  being  augmented  by  cold  and  dins- 
nisbed  by  heat,  or  in  other  words  contructed  bj  exposure  to  a  low  ten- 
perature,  and  expanded  at  a  high  temperature.  So  far  as  wecan  jai^ 
^om  experiment,  the  maxiiDUm  density  of  solid  bodioB  mast  be  at'Aa 
lowest  temperature  which  cau  be  produoed.  And  Che  sanu  dmt  ta 
slated  with  respect  tolitjuida  which  ore  not  auscoptibla  of  being  tobS- 
Ged  br  Gold,  or  Iroien.  But  this  doea  not  ntnays  hold  good  with  regir' 
to  freezing  or  congealing  liquids  ;  and  water  is  especially  remarlobfe 
for  its  property  of  expanding  in  the  act  of  congelatiou  ;  whence,  u  is 
generally  known,  tbsbbIb  are  liable  to  be  burst  in  winter  by  the  freosiiij 
of  aqueous  liquors  contained  it)  them  ;  and  loose  ice  is  always  seen  CO 
float  on  water,  in  consequence  of  its  inferior  specific  gravity.  Fran 
the  researches  of  Detuc  and  others,  it  appears  that  pure  water  aeqairaa 
its  maximum  density  at  the  temperature  of  40  deg.  Fahrenheit,  whence, 
if  the  cold  be  increased,  it  expands  till  it  reaches  the  ti-oezing  pinnt 
31  dee. ;  so  that  ice  at  3S  deg.  has  the  same  specific  gravity  as  water 
■t4B  deg.  But  for  this  propeity  of  water,  large  ponds  and  lakes  ex- 
posed to  intense  cold  would  not  merely  be  froien  over,  as  ia  usual  in 
the  winter  season,  but  they  would  become  entire  masses  of  solid  ics. 
For  ice  once  forniBH,  if  heavier  bulk  for  bulk  than  the  water  beneath  it, 
would  sink  to  the  bottom  of  the  pond  or  lake,  und  temuo  there  to  ba 
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lugmeoteti  by  fresh  desoeodiag  porCioiiE,as  long  sa  a  frost  lasted ;  but 
its  relative  levity  causes  it  to  continue  on  tbe  surface  of  the  liquid, 
wbiuli  it  protects  in  some  degree  fram  the  cold  aCmosphece,  andcange- 
litioiL  cwoaequentlj' proceeds  more  sloRly.  >    ^ 

This  cemarkable  property  of  litiuids  Dear  the  point  of  congslation  M 
MTlainly  not,  as  gBiiBrally  stated,  peculiar  to  wiiler,  for  othac  aqueo  ^. 
Suida  are  afiected  in  the  same  manner ;   and  there  is  reason  to  belisv* 
ihtl  metallic  and  other  substances,  which  have  been  melted  by  expit-    ' 
sure  to  great  Letit,  coatract  in  cooling  only  to  a  certain  point,  and  then 
expand,  like  water,  so  that  the  density  ota  mass  of  metal  jast  become 
wUd  will  be  inferior  to  that  of  t)ie  same  metal  a  few  degrees  above  that 
It  which  it  takes  the  solid  form.      Reaumur  states  that  iron,  biamath. 
more  condensed  just  before  they  become  eolid  th 
-H^rds  *,  and  he  observes  that  hence  figures  cast  id  iron  are 
'  '         '  e  eipausion  of  the  metal  in  cooling,  which  CE 

lost  minute  indpntations  of  the  moold.  Sulphur 
peurances,  when  used  for  taking  impr 
jl  it  is  probable  that  all  bodies  capable  of  fusion  by  heat,  would, 
jircumstances,  be  found  to  have  less  dottsily  at  the  point 
n  than  just  before  the  commencement  of  tliat  process. 
.  __  .  «  of  this  phenomenon,  the  most  probable  conjecture  is 

U  of  I>«  IVIeiren,  who.  in  his  Treatise  on  Ice,  ascribes  the  eipiinaion 
rater  to  the  new  arranjiament  of  ita  particles  consequent  to 
n.  so  that  the  minute  and  stilt  itifisihle  inlervots  between 
IS  of  the  mass  are  larger  or  more  nutneious  in  ice  than  in 
B  deg.  above  the  freesing  point.      But  this  interesting  topic  de- 
la  ibither  investigation.  i    I 


>tioni^H 

belisvv^H 

Mcome 

amath, 
olid  thH'  ^m 

.ure,4:H 
medali;   ^ 
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No  indication  is  aSbcded  by  the  thermometer  of  the  absolute  quanti 

of  beat  nhioh  any  substance  may  contain,  but  merelv  of  the  amount 

tm  or  sensible  beat  capable  of  producing  n  cerlaia  degree  of  eipansii 

io  n  oolumn  of  mercury.     If  a  quantity  of  ice  at  3%"  Fahrenheit  I 

I    placed  in  ajar  set  in  a  basin  of  water  considerably  heated,  the  ic 

'  'ndually  melt,  abaoibing  heat  from  the  water  through  tbe  sides 

'  It  though  it  muit  ihua  receive  successive  portions  of  heal 
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would  produce  no  effect  on  h  UiernumiGtBr  vidiin  the  jfir,  the  memury 
in  whicb  would  remain  gt  the  freezing  point  till  ill  the  ice  became  dia- 
solTed.  So  that  va;  quaiitit;^  of  beat  thus  absorbed  by  ice  in  the  aotof 
thawing  would  befume  combined  witb  tlie  liquid,  coDatitutiag  what  is 
termed  taiinl  heat,  de  not  being  appreciable  by  tbe  thermometer.  Dif' 
ferenc  bodies  require  dilierent  qunntitiei  of  heat  to  miae  them  to  ihs 
same  tbennometrical  temperaiure,  or  at  least  they  are  differently 
affected  by  exposure  to  the  same  temperature.  Tbua,  if  a  qnnrt  of  watn 
and  a  quart  of  olire  oil  be  remoted,  &am  n  room  la  nhiob  tbe  heat  of 
tlie  air  is  but  40°  FahreDbeil,  to  another  room  heated  to  80°,bothliqmdl 
would  gradually  acquire  the  latl 
lained  by  placing  a  thermometei 
he  pemeived  to  have  become  raised  tt 
Boouer  than  the  water ,  and  henoe  it  has  bean  inferred  that  a  smtdlar 
quantity  □(  heat  is  required  to  produce  uB  augmentation  of  40°  of  tsni- 
perature  in  the  former  Uquid  than  in  the  latter.  As  oil  becomea  healed 
more  speedily,  under  the  same  circumalantea,  thnn  water,  no  litewiM 
it  cools  Isatorthan  water;  as  would  appear  on  reversing  the  preceding 

when  equal  qaanticiea  of  the  same  body  al 
are  mixed,  the  temperature  of  the  miitiire  will  be  at  tbe  m 
tween  iboBS  of  tha  two  portiana :  tbos  n  pint  of  water  at  33°  aaaMEO 
ano^er  pint  at  98°  would  piodnce  a  quart  of  water  at  65°  ;  half  tin 
difference  between  the  temperature  of  the  hot  water  and  the  cold  (39") 
having  been  tnlien  &om  the  forntei'  and  added  to  the  latter.  But  Ha 
result  ia  rery  different  when  dissimilar  bodies  at  different  temperatam 
are  mingled;  for  if  one  pound  of  water  a'  •"»■■-—•--■'—-•■-  — 


'  degree  of  heat,  a>  might  be  ascer- 
ji  either  liquid.      Bnt  3ie  oil  would 


imperanrH 


id  with  u 


i  if  water  had  been  used  instead  of  mercury.     From  this  Bi 


»  that  the 


^  of  it 


cury  1  \V  ;  whence  it  has  been  concluded  that  water  has 
'-     '     'leattban  the  metallic  fluid,  in  the  ratio  of  11£  to 

eiperinient  be  reversed,  by  mingling  one  pound  of 
cury  ar  j.iu'  widi  one  pound  of  water  at  40",  the  common  temptoi 
will  be  44°;   the  mercury  having  been  deprived  of  11!"  of  lie; 
while  the  water  bas  acquired  but  4°.    A  pound  of  gold  at  the  ' 
^-B  of  ISO"  added  to  a  pound  of  water  at  50°  will  raiar  -•- 


bliquidbBt  5°,  vrMIe  it  will  losa  93°,  tbe  common  Umperntnce 
—  '*'■      Hence  tha  relativB  oapsoilj  for  heal  of  gold  and  wbI 
IB  A  to  55°;  HotfaBtthecBpnoitjof  wBler  for  heal  must  he 
(er  thnntboi  of  gold. 

oresuU  of  otberreseEHihes,  it  Iras  been  Msumed  that  mt 
IS  only  jf  of  the  capacity  for  hent  poasesBed  bywstar,  instead  of 
■  H  appears  that  Ihe  capacity  for  heat  of  an/ aubstanoe 
t  lomperalures  ;  so  that  there  aeems  to  be  liltle  pro- 
y  of  ohwdning  aocurala  ostiniateaQf  the  relative  powara  of  bodies 
otb  beat  by  taeana  of  such  eiperimenu  as  those  Just  described. 
ll  •ttempCa  have  been  made  toasnertaiawith  greater  prectsic 
~'  ~  "  heat  given  QUI  hy  different  aubstaoces  under  rarioui 

LaToiaier  and  Laplace  constructed  (or  this  purpose  an 
It  called  a  i^elonmeter,  adapted  to  measure  the  quantity  of  ii 
fferent  bodies,  in  the  process  of  cooling  from  any  eiri  . 
:o  SV  Fahrenheit.  Various  priwauliona  were  employed 
it  tbe  acceaa  of  eitemal  beat,  vhile  the  cooling  procnaaiva; 
1,  and  for  estimating  with  exactness  tbe  qnanljty  of  water  pro- 
>y  the  fusion  of  ics  within  the  body  of  the  instmment.  After 
rmined&om  experiments  with  the  calorimeter.that the  heat 
■  one  pound  of  ice  in  melting  would  be  sufficient  to  raise  an 
It  of  water  from  39"  to  157",  or  135  degrees,*  the  French 
t  proceede<1  to  aacenain  tlie  relative  quantities  of  beat 
different  bodiea.  in  cooling  through  a  certain  number  of 
'  degrees,  aaalao  in  o^er  proceaaes.  But  the  reaulu 
ma  of  this  inatrnment  are  liable  to  inacconuiy  froni 
'hicb  render  it  diffioult,  if  not  impossible,  tocoUeot  the 
ft  produced  from  tbe  melting  ice ;  for  it  baa  been  ren- 
bat  a  part  of  the  water  tlins  lanned  mayaometimes  be 
A  ag«n  in  ita  passage  through  the  lawer  part  of  the  calort- 
10  tlutthe  qnantity  obtained  will  nflbtd  no  certain  measure  of 
;t  of  the  avolutian  of  heat  from  the  body  under  iuvestigation. 
T  eiperimentnlista  bave  therefore  had  recourse  to  diBerent  mO' 
'  ippreointing  the  speciGc  heat  of  Tariona  Bubatanoei.    Count' 


I 
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llniufard  iareuled  a  cabrimeter,  for  eatiiniliiig  ihe  quantity  of  hett 
given  out,  in  the  cooling  of  lieated  bodies  or  other  pcocassea,  bf  eb- 
lerviag  tbe  iucreoHe  of  lemperBtnre  in  a  body  af  water,  sdaipted  U> 
receive  tbe  beet  eTalved  from  tLe  Bubjects  of  bia  experimonts,  Oa  » 
Himilar  principle  is  founded  the  meibod  for  aacerlEiiuiiig  the  ciipadljl^ 
litai,  or  aa  it  ia  also  termed  tbe  ipeeific  litai  of  gasMua  Duids,  cmittoyed 
by  MM.  Delarocbe  aud  llerard.  Anocbec  mode  of  condacliug  n- 
■earcbeB  of  thia  nature,  consists  iu  noticing  tbe  tiine  required  to  OODI 
■nv  labatance  tbrongh  a  certain  runge  of  tempemtuni,  as  indicsliBdltf 
tbe  thermnmuter,  and  comparing  ild  rate  of  cooling  witb  tbose  of  ollitr 
substances.  Tbe  eipeiimenta  of  Leslie,  and  those  of  DoLton,  on  Uw 
apecitic  lieat  of  diflereni  bodies  weie  thus  conducted  ;  and  a  sinulu 
plan  was  pursued  by  INIM.  Uulong  and  Petit  in  their  eiperimeata  on 

All  tbese  metboda  of  operating  are  more  or  lesa  liable  to  objecliaa ; 
and  the  results  tbos  obtained  can  only  be  regarded  aa  aSurding  suae 
-■■-  ----lancemiog tbe  relative  influence  of  lenip«nlini! 


a.     It  may.  bowevei,  be  atflted,  that  it 
augmented  in 


pacity  foi  beat  is  augioeated  in  proportion  to  thu  increate  of  Umfn- 
Dture ;  and  tbut  this  ia  also  tbe  case  witli  respect  to  mercary,  wbMM 
it  may  not  unreasonably  be  conjectured  that  other  liquid  snbstincHaril 
KCted  oiv  by  heat  in  the  saiim  mittDer.  But  it  must  be  reuarkad.  llw 
ns  bodies  become  dilated  by  raiaing  tbeii  temperature,  tbeinoraaatof 
uapaeity  accompanies  and  probably  depends  on  tbe  increase  of  eau- 
aibililyi  and  this  conclusion  derives  support  from  tbe  fact  tbatlbttK 
metals  irhicb  are  moat  readily  expanded  by  heat  ace  alao  suacepliUe  of 
the  greatest  variation  of  capacity  for  Ileal, 

As  tbe  general  effect  of  liaal  is  ta  cause  an  incresau  in  tbe  volum*  of 
bodies  eipoBed  to  it<  actian,  praduoiag  expansion  commonly  in  all 
directions,  but  in  diStirent  degrees  according  to  the  nature  of  &e  nli- 
stance  on  which  it  operutes.  an  estimate  of  tbe  qnantiij  of  heal  Uw> 
operating,  or  ratber  of  tbe  amount  of  the  eB*ect  thus  produced,  mikfiia 
this  manner  be  obtained  ;  and  the  iustruments  adapted  for  manaurin 
beat  on  this  principle  have  been  described.  But,  as  already  atttadi 
important  changes  may  bo  cauaed  in  bodies  by  the  addition  or  ifaflnA*  , 

thus  aotida  by  eipasure  to  heat  may  be  converted  into  liquidsri 
latter,  when  heated,  boil  or  become  evaporated,  or  altered  from.  lj|^ 


aoat  or  aerifono  slate.  Il  was  bj  obsei 
b«t  on  giren  poniona  of  ice  and  water, 
tg>,  bfnBg  pltced  in  equUlv  admilaeea 

hcio,  that  Dr.  Black  wHsle^  to  fonn  his  tLeorjof  lacenl  hen, 
100  of  the  liquefactioD  and  vaporiuttiurt  of  differeat  hodies. 

ba  itHtsd  as  a  general  principle,  deduced  from  nunieroas  «i- 
I,  UiM  wbea  soy  substance  becomns  ]ii|uefied  ai  tnelled  by 
latitity  of  hpst  appears  to  be  nbsorbed  be  thut  substance  in  tlw 
if  fbnun,  wirich  cannot  be  appreciated  by  tlie  thennometsr  ; 

Dg  BObslance  it  found  to  be  Terj  conaid arable.  Thua  water 
Wiien  by  placing  a  small  bottle  partly  filled  with  thai  liquid 
1  eontiihiia^;  pounded  ice  or  snow  miied  with  the  salt  called 
if  lime;  and  supposing  the  temperature  of  the  water  to  be  ,i^, 
o«e  Ae  IreeBug  point,  it  will  gradonllvgiTe  out  heat  till  cnn- 
l^es  place,  and  tbe  qnantity  of  beat  which  thus  escapes  from 
sbwrbed  bv  the  bioorific  miitara  of  snow  and  salt,  which 
[reMi»elj'  melt  or  become  liquefied,  but  will  retain  the  amne 
Krictl  tempenture  so  long  ss  snj  part  of  the  moss  conlinaeB 

■  principle  depend  the  artificial  modes  of  reducing  liqaids  to 
,  etate,  faj  means  of  freeiing  mixtures,  which  usuollj  consist 
«1  acids  or  powdered  neutral  salts,  mixed  with  snow.  Ana- 
^IB  will  be  observed  when  fusion  lakes  place  at  a  high  tem- 
Thiis  spemiaceci  melts  at  the  heat  of  118",  which  temper- 
rill  retain  as  loo^r  as  snv  portion  remains  solid  ;  ao  that  a  per- 
t  dip  a  finger  into  tbe  melting  mans  while  fratimeDts  continued 
red,  but  when  the  fusion  was  completed,  an;  addition 
liie  die  thermometer  above  the  melting  point.  Tin  becomes 
441^,  and  lead  at  about  600°.  aod  at  those  lempemtures  re- 
Ij,  the  metals  would  remain  during  the  process  of  fusion  ;  hut 
tta  completed,  they  might  be  raised  to  a  red  heat.  And  lend, 
ad  then  made  red  hot,  in  a  crucible,  would  immediately  be 
own  to  its  melting  point  by  throwing  into  it  a  piece  of  solid  leod. 
Kirplion  of  heat  or  diminution  of  temperature  in  surrounding 
Iways  lakes  place  when  a  solid  substance  is  melted  or  chang''<l 
fluid  state,  BD  bent  is  given  out  when  the  contrurv  clinngf 
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It  (siilpbate  of  aodn),  made  with  hot  wster.  be  poured  inlo  a  phiil, 
aiid  corliediip  trhilewBrni,  provided  it  ba  left  qniteDadiatuTbec),  themlt 
wiQ  remain  dissolved  when  below  the  tamperatore  at  whitb  it  would 
olherwise  oryatallize ;  then  on  suddenly  opening  tbe  bottle  a  maas  of 
crysCalawill  be  immediatelj  fanned,  and  tbeit  production  nil!  beacwuu- 
panied  wiib  an  elevation  of  tempertture  easily  perceptible  by  the  hiad 
applied  to  the  oataide  of  tbe  bottle.  When  w&tetia  poured  on  quick- 
lime it  loses  ilB  liquid  form,  and,  entering  into  combination  with  tlie 
MloareouB  earth,  constitutes  tbe  pulvernlent  aolid  called  slakitd  liias, 
giving  out  at  tbe  same  time  ubuodance  of  heal,  a  great  part  of  whiob  i> 
carried  off  by  a  portion  of  the  water  rising  in  tie  form  of  miBl;  vapour. 
When  liquids  are  exposed  to  bent  they  become  converted  more  or 
lesB  readily  into  ai-ri form  Suids  -  thus  water  is  obanged  into  Bteani,*nd 
ether  and  alcohol  into  inflammable  vapours ;  tmd  generally  all  liquidti 
heated  without  being  decompoaed,  assume  the  gaseous  form  at  certain 
temperatures,  and  ore  condensed  to  the  liquid  state  again  byeipoaurB 
to  cold.  Different  liquida  require  different  degrees  of  temperatore  is 
order  (o  their  conversion  into  the  form  of  vapour.  Water  boils  or  be- 
comes ersparaled  at  21!  ieg,,  while  alcohol  enters  into  ebullitioa  at 
173  j  deg.,  and  ether  at  100  deg,  But  aimilsr  cttSDges  take  place  to  • 
certain  extent  at  almost  any  temperature ;  for  all  binds  of  aqueous 
liquids  slowly  evapoTsta  when  exposed  in  shajlatv  mastes  at  ihscoldnt 
season  of  the  year ;  and  spirituous  or  ethereal  liquids  cannot  be  preserved 
long  io  that  state  nt  ordiDsiy  tempera!  ures  except  in  elosely-stopped 
vessels.  Oily  and  sacohnrine  liquids  do  not  very  resdily  evapotaleid 
cold  weather,  but  they  also  become  dissipated  through  the  nir  aftn 
longer  exposure  than  those  of  a  more  volatile  kind.  Tliis  is  a  wise 
provision  of  noture.  for  if  water  obstinately  retained  its  liquid  form  at 
all  temperatures  below  31!  deg.,  the  moisture  thst  fell  to  the  earth  in 
the  state  of  rain  would  never  be  evapomtad  during  the  bottest  Bon- 
mers  ;  and  abundant  inconvenience  would  arise  from  the  presence  of 
liquids  nbicb  are  now  removett  more  or  less  speedily  at  all  seasons, 
through  the  agitation  of  the  air  by  the  wind. 

Evaporation  at  low  temperatures  takes  place  from  the  eurface*  of 

solids  as  well  a&  &om  those  of  Liquids.     Even  ice  and  snow  may  be 

observed  Id  diminiah  in  quantity  from  evaporation  during  tbe  cooti- 

nuaace  of  a  Croat,    Some  inteieaxinp  ei,\iM™isB.'i  imi."[iv«  aubject  went 

■taada  ia  North   Aniericft  in  tbe  ■mimes  ai  ViVWi.    li*  *i«  <a«Bi^ 
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tt  of  LBks.Winiiepie,  UtitniieSZdeg,  N.,  NoTember  38, 1814,  Mt. 

Mdswortb  liUDg  up  a  disk  of  ice,2  mctiee  Ciiick,  weighing  SO  lb. :  oD 

^nk  l^h  of  f  sbruar/  it  bed  [ost  17  oi.,  the  highest  tetnpenttuce  iu  ths 

^BTsi  b^g  33  deg.  Fsbranheit.    The  eiperimeiitwaacoiitiauud  till 

Slat  of  Maroh,  when  the  entire  tosa  of  weight  of  the  ice  bj  evapon- 

■mounled  lo  41b. ;  and  thougb  the  tempsrature  on  the  SGth  and 

1  of  Febrauy  had  been  ai  high  as  36  deg.  daring  more  tbui  two 

rs  each  day,  no  dropping  look  place  from  the  ice,  nor  waa  any 

(ture  Dercsptiblo  on  its  eurfnce.   February  16, 1815,  snow  wnsaaB- 

crape  bag  or  baadkeicbief,  which,  together  nith  the  snow, 

additional  S  at. ;  on  the  14tb  of  Marcb,  the  total  loss  was  6  oi.,  oi 

'fifth  of  ita  weight  in  tweiity-sii  days  ;  the  crape  continuing  dry 

ng  tile  whole  period.*    Hence  it  appear!  that  a  verj  coDsideruble 

Dnt  of  Dvaporation  tales  place  from  solid  tc^,  when  the  tenpera- 

of  tho  atmosphere  is  holow  that  of  tivezing  water. 

Among  those  circumsCanceg  which  materially  affect  the  rspoiizuion 

ma  of  the  moat  important  is  atmospheric  pressure.  AH  liquids 

lome  evaporated  in  a  highly  rarefied  medium.     Mercury  is 

ritb  a  small  degree  of  heat  in  tliB  vacuum  fonned  in  (he 

.  of  a  barometer  lube ;  and  water  msy  be  made  to  boil  in  m 

receiver  of  an  air-pump,  at  a  temperaturfl  much  iaferior  ta 

I  at  which  ebullition  ttLkes  place  under  cominoD  circumstances.    In 

■ome  manner  the  boilingpoiatof  water  becomes  lowered,  in  propor* 

)  to  the  larefactioD  of  the  air,  in  ascending  high  mountains  ;  and  in 

leial  (he  boiling  points  of  all  liquids  will  vary  in  some  degree  ue- 

asura  of  the  DImoBpbere,  sa  mdicated  by  tiie  buro- 

lEther,  when  placed  under  an  eihausied  receiver,  rapidly  evaporates, 
thus  be  made  to  boil  while  water  placed  in  contact  with  it 
Bca.     To  exhibit  this  phenomenon,  a  small  flask,  11  <see  p.  328),     , 
■tbe  procuredmsdeof  thin  glass,  snd  nearly  fitting  into  a  bell-shapad 
nking-glass,  C,  ss  represented  in  the  figure.   Ether  mast  be  poured    j 
a  (he  Baib,  and  water  into  the  glass,  so  tibat  both  liquids  may  stand   j 
iha  height  of  the  dotted  line  A.  D.  and  the  apparatus  thus  srrsat^ 
D  be  placed  under  the  receiver  of  an  aic-pum^,  on  vafsm^  v^a^ 
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(be  ether  will  boQ  or  be  conTeited  into 
Tspaur ;  and  tu  it  requiiea  best  for  tbis  pui- 
pOBti,  it  will  abBorb  it  ^m  Ibe  eoDtsiiniDg 
vtHuela  Bud  tbe  waler  with  wjiich  it  is  anr- 
rounded,  sod  tbe  lattec  liquid  tbus  depiiTed 
of  its  bent  wiU  be  redoced  to  n  tempen- 
ture  below  the  freeaiiig-  point  and  become 
ice.  The  diminudon  of  temperBtiire  pn}- 
duced  b^  the  Kvsponiliaii  of  eChei  ii  so 
considerable,  tbat  bj  means  of  it  msrcorr 
may  be  reduced  to  iba  form  of  a  solid. 
^  This  may  be  efiecled  by  incloran^  a  smitl 
quantity  ofmercury  in  a  flatteoed  spheroid 
of  ihin  glaat,  and  corering-  it  with  Snv 
miialin  on  which  ether  is  to  be  dropped  U 
ikat  a«  it  evapuFBles,  and  tbe  beat  will  thus  be  so  rapidly  abstracted 
from  the  mercury  that  it  will  aoon  be  InKea  to  a  solid  masB. 

Water  alone  will  boil  speedily  under  lia  eibausted  reeeirer  of  an  air- 
pump,  at  the  lempernture  of  about  100  de^eea  of  Fahrenheit ;  hot  in 
this  case  the  ebullition  aoon  oeaaea,  in  coDeei|uencB  of  the  presiareof 
the  steam  or  aqueous  Tapour,  which  occupies  the  space  trom  wbtcfa  th« 
sir  bsB  been  withdrawn.  The  manner  in  wbieh  a  liquid  may  be  aiie 
to  boil  hy  dimioisliinr  tbe  pressure  of  the  atmaspherB  on  its  surAlM 
may  be  uunsingly  exbibited  by  means  of  tbe  following-  esperimenl: 

Let  a  Btap-cook  be  fitted  into  the  neck  of  e  FloraiO* 
flask,  containing  a  small  quantity  of  water,  and  alter 
holdiUE  the  flaakoTCT  tbe  flame  of  a  spirit-lamp  till  tbt 
water  boils  und  partly  escapes  in  the  form  of  steam 
through  the  stop-cock,  let  it  be  suddenly  remored  fnon 
the  flame  at  the  same  time  sbutlin;  the  stop-cock ;  tbe 
ebulUtian  will  soon  cease,  and  the  flask  is  to  be  ptuogsd 
into  ajar  of  cold  water,  as  represented  in  the  mn^. 
The  water  in  the  flaak  will  instantly  be^  hoiliBf 
agWD,  in  consequence  of  the  condensatioa  of  the  tu* 
.  snd  tbe  tbcuuid  thus  formed  in  tbe  upper  part  of  6l* 
it  be  kept  long  immersed  in  the  jar  of  water,  the  ebullitfon 
will  cease  from  tbe  Rmdod  cooling  of  the  water  within  the  flask  ;  bai 
it  be  taken  out  of  the  jar  and  held  near  tbe  fire,  fresh  steam  wiU  Iw 


329 

fbtmed,  and  tha  ebullition  may  he  renewed  by  plunging  the  flask  afresh 
into  the  cold  water. 

TIiQinode  of  making  liquids  boil  at  a  compDratively  low  temperature 
bytbedimiuutioa  of  auiiace  pressure,  has  been  advantageously  adopted 
ifi  some  manufncturing  processes.  Thus  it  has  been  applied  to  prac- 
tioe  in  the  art  of  refining  sugar,  thesuccbaiine  syrup  being  concentrated 
ty  Ibis  means  to  die  point  at  which  it  cryatallises  or  granulates,  witb- 
ont  any  hazard  of  its  burning,  or  becoming  decomposed  by  excess  of 
best,  la  tlie  preparatioD  of  vegetable  extracts  lor  medical  purposes. 
#imilar  processes  hare  been  adopted*,  and  also  in  making  jellies  or 
Odter  kinds  of  confectionery. 

,  Distillation  is  an  operation  conducted  on  similar  principles  with  those 
^■t  dewrihedi  but  the  object  is  different,  for  the  rapour  or  steam 
wUcb,  in  refining  sugar,  or  making  extracts,  is  dissipated  and  suffered 
to  escape,  as  useleaa,  is  on  the  contrarv,  in  distillation  carefully  pre- 
■arved,  and  reduced  agsiu  to  the  liquid  form  by  candensation.  The 
BWthod  of  distilling  at  a  low  temperature,  by  remoTing  the  pressure  of 
tbe  atmosphere,  has  been  profitably  employed  in  oases  where  it  was  a 
piiiusipal  object  to  obuitn  products  as  free  as  possible  from  an  empyreu- 
matin  flsTour,  or  peculiar  disagreeable  taste.  Mr.  Henry  I'ritton  has 
invented  an  apparatus  for  distilling  spirits,  by  means  of  wbiob  the  ra- 
JiODr  is  raised  in  a  vessel  not  exposed  as  usual  to  tbe  fire, but  surrounded 
with  bot  weler;  and  the  pipe  proceeding  from  tbe  upper  jtart  of  it, 
after  passing  in  the  usual  way  through  a  large  body  of  oold  water,  ter- 
minates in  a  spacious  cavitv  or  cloae  vessel,  from  which  the  air  can  be 
imilar  process 
gar. 

As  liquids  boil  readily  al  comparatively  low  temperatures  when  the 
preasure  of  air  or  elastic  vapour  on  their  surfaces  is  inconsiderable,  bo 
tbey  remain  unevaporated  at  relatively  high  temperatures,  if  expused 
to  extraordinary  compression,  as  nheoconlined  in  a  strong  cloae  vessel. 
Sucb  an  engine  is  that  called  Fupin's  Digester,  from  the  name  of  the 
inventor.  It  consists  of  a  metallic  vessel  of  a  cylindrical  form,  with 
vary  thick  sides,  having  a  cover  fitting  air-tight,  and  confined  by  a 
cioas-bar  fastened  with  screws.  When  such  a  vessel,  partly  filled  with 
iriter,  ia  exposed  to  tbe  heat  of  a  fire,  a  qnautit^  of  vay^^^  ^i^^^fe 
fivmad  within  it,  wbicb  being  ptevattlsi  iiwa  ewaYai*  -^^  -"{p""* 
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poirerfuUjon  the  suiface  of  tbe  liquid,  and  preTsnt  ebullitioii,  tbongh 
l)j8  bBHt  of  the  water  be  raised  far  above  Ibe  boiling  point,  while  the 
iguantity  and  eloGtioTty  of  tbe  iDcluded  vapour  qt  steam  will  tlao  be 
augmented.  Tbe  digCBter  ougbt  to  be  fumisbed  niih  H  aBfelj'-vitre, 
wbiob  may  open  wbtn  tbtf  slenm  acquirer  a  certain  degree  of  force, 
beloir  the  eetimated  pressure  nbicb  tbe'  aides  of  the  vessel  would  be 
eapableof  wilbHtBnding,and  thua  the  risk  of  its  bursting  if  orer- healed 
would  be  obviated.  Such  niachinea  are  employed  for  eitmoting  the 
gelntinoaa  matter  from  bonea  to  make  portable  soup,  and  for  other  puT- 

Tbe  temperature  of  ateum  is  always  the  same  with  Ihnt  of  the  liquid 
fi-om  which  it  ia  formed,  while  it  remaina  iu  contact  with  that  liquid ; 


:e  of  the  v> 


a  proportion  tt 


degree  of  beat,  the  amount  of  pressure  which  it  eierta  will  depend  on 
the  temperature  at  which  it  is  formed.  Hence  tbe  diatiaction  betweea 
h^h  and  low  pressare  steam  and  stesm-engiue«.  Steam  has  for  mor« 
than  a  century  been  exunaively  employed  as  u  meobauical  agent  or 
moving  power  for  a  variety  of  important  purposes.  Its  mode  of  action 
will  be  preaeatly  etucidalod  in  describiog  the  ateam-eng'ine ;  but  srane 
previous  obaerrations  may  be  introduced  relative  to  the  manner  in 
which  the  production  of  steam  takes  place,  and  the  precauliuna  reqid- 
iite  for  canductJDg  that  eperation  with  security  md  advanUga. 

When  steam  begins  to  be  produced,  as  in  the  process  of  maldiig' 
water  boil,  and  the  heat  overcomea  tbe  atmospheric  preaiure  cm  die 
surface,  small  bubbles  are  formed  adhering  alightly  to  tbe  aides  of  til* 
vessel,  as  maybe  coareuiently  observed  by  boiling  water  in  a  Florence 
flask  or  any  thin  glass  veasel.  Thi^se  bubbles  are  formed  most  rapidly  It 
those  points  against  whioh  the  flume  ia  most  stroagly  directed  ;  aaa  if 
any  particular  portion  of  the  surface  of  a  common  boiler  be  more  in- 
tensely heated  than  the  surrounding  parts,  tbe  abuodsnt  formation  of 
bubbles  will  drive  otf  tbe  water  from  Uie  inner  surface  of  that  portion 
of  lbs  boiler,  and  thus  the  metal  becomes  irregularly  heated,  aod  wbn 
tbe  water  agaiu  cornea  in  contact  with  it  very  elastic  steam  is  auddao^ 
formed,  which  may  cause  the  boiler  to  bnrst.  Such  appears  to  balh* 
moat  probable  mode  of  accountiBg  for  tbe  numerous  accideni 
from  the  employment  of  ateam  as  a  moring  power ;  and 
I'erkins  has  been  led  tn  tbe  inrention  of  an  improved  stem 
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rcolatiDD  nf  the  water  is  kept  up  through  a  lube  or 

Open  cylinder  in  tba  cenlis  of  tlie  boiler,  wMch  sweeps  off  the  bubbles 

jinn  the  healed  surface  of  the  vessel  as  t'aat  as  tbej  are  produced  j  and 

I  the  formation  of  sUoun  gota  on  witb  uniform  regularity'.      He  had 

«rved  that  tn'o  vessels  being  lilled  with  water,  and  one  placeil  within 

■be  other,  when  heat  is  applied  so  tbat  it  cim  only  reach  tbo  iiiner  vessel 

'' h  the  liquid  contained  in  tbe  outer  Due,  no  steam-bubbles  will 

the  fonner.while  they  will  bs  rapidly  farmed  iu  tbe  latter.    I'he 
1  the  eiterior  vessalconaiatingof  water  miied  with  sic-bubblOB, 
and  that  in  the  interior  Teasel  of  water  only,  the  contents  of  the  two 
«  the  same  temperature  will  ditfec  id  speciEc  gravity,  those  of 
!r  veftsel  of  course  being  tbe  lightest.     Jf  therefore  Uie  bottom 
.of  the  inner  vessel  be  removed,  so  that  it  will  constitute  an  open  cylinder 
'  with  its  upper  edge  a  Uttle  below  the  surlace  of  the  water  id  the  larger 
i,  and  supported  in  that  position,  as  shown  in  the  nnnexed  hgnre, 
tbe  unequal  density  of  the  fluids  m  tbe  ex- 
terior and  interior  ports  of  the  boiler,  when 
eipoaed  to  the  action  of  fire,  will  csuse  the 
formatiou   of   a  circulating   current.     The 
bubbles  contained  in  the  water  of  the  outer 
vessel,  adjoining  ttie  Gre,  will  rise  conti- 
nually to  the  surfsce;  when  at  a  low  teni. 
peralure  with  a  power  somewhat  exceeding 
tbe  difference  between  the  speoiSo  gravities 
of  air  and  water,  but  if  the  heat  be  sug- 
mented,  and  the  bubbles  formed  more  ra- 
pidly, tbe  diflerence  of  sjiecific  gravity  of 
''       espective  fluids  Rill  be  increHsed,  and 
the  velocity  nnd  force  of  the  current. 
For  the  fluid  in  the  inner  vsssel  or  cylinder, 
being    free  from  bubbles,  will,  in   consa- 
of  its  superior  speoiflc  gravity,  descend  and  arrsnge  itself  be- 
le  rising  coluDins  of  the  outer  vessel,  and  thus  continue  tbe  cir- 
tdstion.    irthen  (he  Gre  be  urged  ho  as  to  produce  an  extremely  io- 
Dund  a  boiler  of  this  conatrniition,  so  rapid  and  forcible 

or  almost  any  kind  of  heavy  sdI^h 


diuise  beat  around  a  boili 
5^  be  the  ascending  cur 
'l^ wards  siuid,  gmvel,  i 
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I  of  modemte  aixe  whicb  miy  faappen  to  be  in  the  boUer,  EWeep- 
ing  otf,  m  its  nscent,  sll  Che  sWain-bubbles  which  tona  on  the  interior 
urface  of  (he  boiler,  and  keeping  it  clear  from  lbs  vapoor  which  migbl 
irrupt  the  free  paasBge  of  the  beat  which  it  receives  into 
d  it  will  effectually  prevent  llie  adheaion  of  any  sslioe  ot 
■nrth J  miitlet  which  might  be  conlainod  in  the  water;  and  Ihrongh  the 
uniform  and  Goostsut  agitation  of  Ihe  whole  mass  of  tbe  liqi ' ' 
and  abundant  absorption  of  heat  lakes  place,  and  aleam  ia  < 
■■toniibtng  rapidity,  and  without  any  risk  (j^eiplaBion.' 

TheBteam-engine,B9bein|;  a  mat^ine  of  the  highest  impoilaoM 
effectiTe  power  of  which  dependgi  on  (he  expaDsive  foroa  of  at 
TB]iour.  its  ^neral  conBtraction  and  mode  of  sctioo  may  h 
aeribed.  Tbe  vaponr  of  water  occupies  a  apace  aboait  1 
larger  than  the  balk  of  the  water  from  whicb  it  ia  formed  ;  aud  benM 
it  may  be  conceived  that  in  conaequence  of  ita  expaaaibility  it  must 
Btrongl)'  roBist  comproasion,  and  that  tlio  imiielua  thus  ohiained  may  be 
variaualy  directed  or  modified  ao  as  to  produce  motion.  At  what 
pariod  steam  was  first  employed  as  a  moving  power  ia  uneertun. 
However  ihe  mode  of  tbuB  applying  it  waa  known  as  early  as  the  mid- 
dle of  the  aeventeenth  centurv,  since  the  Marquis  of  Womo^ter  in  bin 
"Century  of  Inventions,"  publiahed  in  the  roiga  of  Cliarlea  11..  de- 
icribes  a  machine  for  producing  motion  by  the  force  of  •lemn ;  bai 
though  tliM  idea  of  iiaing  steam  as  a  moring  power  seems  to  have  oc- 
curred to  aeveral  pfltaons  about  tlie  aane  period,  the  inventioD  of  lbs 
Meam-engine  properly  so  called  may  be  ttiirly  ascribed  to  an  ingeniout 
man  named  Newcomen,  who  was  a  locksmith  in  the  West  of  England ; 
aud  B  jiateut  for  luch  a  machine,  for  raising  irater  from  mines,  was 
taken  out  by  Newcomen,  in  conjunction  with  Captain  Savery,  an  eO' 
gineer,  who  contributed  to  the  improvement  of  the  invention. 

The  mode  in  which  ateam  ia  made  to  act  ia  by  cauung  it  to  raise  ■ 
Botid  piston  working  in  a  cylinder,  like  that  of  a  forcing-pump  or  fire- 
'  le ;  and  the  piiton-rod.  rising  by  the  impulse  of  expanding  stBUn 

L._j  i^._  .1 i:_j__i..i  — ;. ioate  motion  to  abeio 

s  thaa  laiaed.  if  dt 
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L  steua  be  suddealy  coDdesEed  or  witbdrawn  from  under  it,  h  TBcuum 

I  will  be  fonned,  and  the  preaeure  of  the  atmospheie  on  the  pialon  aboin 

^  trill  drive  it  down.     It  may  then  be  laiaed  afresb  by  the  udmissioD  of 

a  be  condensed  in  its  turn,  and  in  tliia  maniiet  the  alter- 

mny  be  continued  indeliDitelT.     Newcomen's  claim   to 

B%e  coniidered  aa  on  inventor  depends  on  his  having  been  apparenllj 

■.|he  first  person  who  conceived  the  idea  of  condensing  Ibe  steam  the 

■iBoinaDt  it  had  etfected  its  object,  by  throwing  inlo  the  cylinder  a  jet  of 

■  cold  water.    Tfo  very  important  improvemenls  on  the  oriKinsl  engtoe 

'H  made  by  the  celebrated  Janrn  Walt.     Ue  observed  that  the  cool- 

ft'lns  of  Uie  cylinder  by  the  water  admilled  into  it  lessened  the  expansi- 

|.kJUt;  of  the  steam  it  received,  and  that  thna  much  power  was  disii- 

it  which  he  coDtrived  a  method  of  withdrawing  Ibe 

n  &om  Iba  priocipel  cyhnder  into  another,  in  which  tlie  eondeniiB- 

lO  takes  place,  and  from  which  the  water  it  yields  in  returned  to  the 

iler  to  form  fresh  steam.     The  other  improvemeut  consisted  in  em- 

ilofing  the  eipunsive  force  uf  steun  to  depress  the  pialon  as  well  as  to 

■en  down  by  the  more  impulse  of  atmospheric  presanre; 
n  Ihe  improved,  or  double-action  engine,  3t«am  is  admitted  into 
«  cjUnder  above  the  raiaed  piaton  at  die  same  momeiit  that  it  is  re- 
aiDved  below  it;  and  thus  the  expansire  fone  of  stenm  is  exeiUd  in  the 
g  as  well  as  the  ascending  stroke,  and  a  much  plater  impetus 
to  the  macbinery  than  by  Ihe  old  method.* 

shed  by  Dr. T.YonaK:— Denis  Fipin,  in  tens,  puhlished 


If  MHoura,  Smeatan,  Belgbtoa,  Frac^lR.  who  contrived  "an  en^ne  wiUi- 
,  work nie  the  cocks  b^  a  tumUerL"  Droi,  Cartwri^t,  Ham- 
If.  antf  Kdflcraou.  heaides  Watt.— iicinre.  an  NBlHral  Phil- 
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The  precedinjt  BgaiBwill  eanhla  Iha  raadar  to  form  a  corrent  idaaof 
BUlie  pnncipnt  parts  of  a  atPam-engiine,  hhiI  of  ita  mode  of  HCtioo.  A  B 
Edenotes  the  pifacipnl  cylinder;  P  its  piatoa,  acting  bvita  rod  Y  □□  tbe 
remity  of  the  beam  (>  H.  tbe  otber  oxtreniit;  of  wMcb  ig  coonectad 
b  the  fljf-whael ;  C  C,  n  tube  or  pusage  by  wliitb  stenm  formed  in 
boiler  is  conveyed  to  [be  conducting  pipea  T  U,  to  bo  admitted  on 
ler  side  of  the  piston  P  altaraatoly  ;  O,  the  fly-wheel,  which  by  tbe 
'a  R  3,  moring  siceotricBlly,  seta  upon  the  lectangular  lever  V, 
h  by  means  of  the  valve  Z  regulates  the  admission  of  steam  by  the 
_._g  pipes  ;  M,  the  condenser  ;  X,  a  tube  by  which  the  eteom 
m  the  cylinder  into  tbe  condenser  ;  N,  a  tube  to  conrey  the 
n  after  condensation  to  the  pump  L  ;  F,  the  piston  of  the  pomp  L, 
d  bj  ila  rod  E  attached  to  tbe  beam  G  H  ;  K,  tbe  piston-rod  of  h 
K  pimp  to  inject  vniter  into  the  condenier. 

I       From  tins  description,  the  mode  of  action  of  the  engine  may  be 

W  (Mdily  understood.     Suppose  the  piston  P  to  be  at  the  top  of  tiie  ojlin- 

''  -*-?  A  B,  tbe  lower  part  being  filled  with  aleam,  then  by  means  of  the 

rer  V,  the  steam-ralvo  Z  will  be  drawn  down  so  as  to  admit  steam  by 

le  tipper  brancli  of  tbe  eonductiag  pipe  V  into  the  cylinder  above  the 

'aa  ;  and  at  the  same  time  h  pusBge  will  be  opened  to  let  the  steam 

w  escHpe  into  the  condenser.    Thus  the  piston  will  be  driven  to  tbe 

nm  of  tbe  cylinder,  when  the  atesm-vsl  ve  ag^in  opens  to  admit  steam 

m%T  tbe  lower  branch  of  tbe  conducting  pipe  T  into  the  cylinder  below 
■'the  piston,  while  the  other  passage  also  opens  to  permit  the  steam  above 
llbe  piston  to  escape  through  the  tube  X  into  tbe  condenser.    Thus  tbe 

n  which  the  piaton  alternately  rises  and  talla  is  shown,  and  by 

loe  connexion  of  its  rod  with  the  lever  0  H,  it  works  tlie  pumps,  and 

tuiTU  the  fly-wheel,  whence  tbe  moving  power  may  be  propagated 

Ihrou^  trains  nf  machinery  for  any  purpose  required.     Tbe  fly-wheel 

,  my  tie  moved  in  the  manner  represented  in  tbe  figure,  by  a  crank  con- 

^Mflttd  vitli  >  rod  descending  from  the  arm  H  of  the  great  lever;  or  the 

Ftbed  wheels  called  tbe  ann  and  planet  wheel  may  be  applied,  in  the 

!•  dlM  has  been  explained  elsewhere.*  Various  other  arrangements 

i^ttd  for  modifying  or  regulating  the  motions  of  different  parts 

B  mMliioe,     Thus  the  piston  rising  vertically  is  eounected  by  n 

-  if  jointed  rods  with  the  eitromity  of  the  arm  G  if  ".Ke  '^•OB. 

•  See  TreaCiaeon  Mcchanics.-^.'H. 


336 

lever;  ssd  w  that  lerei  tuiOB  on  a  pivot,  tbeeoil  of  the  anu  mnat  Ham 
an  arc  of  [I  circle,  but  bv  mesub  of  tlie  rods  ihu  motion  is  bo  modified 
that  the  piston  i>  allowed  lu  rise  in  a  curve  of  so  Wtge  a  radius  as  not 
to  differ  seasibljfromariglitline.*  AnotliorcoiitiiVBnCB.forteguiating 
the  vulooilj  of  s  »tBOUi- engine,  is  that  oalled  the  governar,  previonalj 
described  jt  and  tbere  are  varioua  olbere  adapted  to  partioular  puc- 

It  hss  been  mentioned  that  the  degree  of  llie  etaatio  force  of  steam 
depanda  on  tbe  amount  of  pressure  suaCained  by  the  sides  of  (be  vessel 
in  wbich  it  is  formed.  In  the  common  low-pressure  engine  tbe  atesm 
ue^  is  generallj  forrned  under  a  pressure  not  eiceeding  ttreaty  ponods 
on  B  square  iiu;u»  tbe  boiler  being  fumiabed  with  a  valve  leaaed  with 
that  weight;  mid  tberofore  wbeu  the  expansive  force  of  the  steam  w- 
ce>eds  it,  the  valve  opens,  and  (he  force  uf  the  steam  is  conseqaendy  w- 
duceil.  This  pressure  is  oalj  five  pounds  more  tlian  that  of  the  atmo- 
sphere;  hot  in  the  double-action  engine,  the  pressure  of  the  atmaephfTO 
heing  excluded,  the  whole  pressure  of  tvrentr  pounds  is  made  Bvnilable; 
and  ibuB  ttucb  an  engine,  if  its  piston  be  of  equal  size,  ivill  hare  llifl 
same  power  as  a  higb-presaure  engine  working  with  steam  of  the  fiirM 
of  thirty-five  pounds  on  tbe  square  inch. 

The  high-presaure  engine  being  simpler  in  constiucUon  as  well  M 
smaller  than  (he  double-action  low-pressure  engine,  is  more  advan- 
t^seoosly  used  ih&a  the  latter,  where  It  IS  requisite  to  employ  consider- 
able power «i(liin  a  confined  aiiace  ;  sod  therefore  it  has  beeu  adopted 
in  sMp-carrtages,  In  these  engines,  the  steam  is  not  condenoed,  but 
IS  spired  to  escape,  after  it  has  acted  on  the  piston ;  and  as  it  is 
formed  under  extraordinary  pressure,  varying  from  fifty  or  siitjto  t*9 
hundred  and  sixty  pounds  on  a  square  inch.t  its  expansive  torae  il 
relatively  very  great.  The  altentioo  of  those  who  have  been  eagieed 
in  the  construction  and  impTOvemenl  of  iteam-carriagea  has  tbereiofe 
been  chiefly  directed  to  the  contrivance  of  boilers  in  which  bigh-pral- 
sure  steam  may  be  formed  most  readily  and  with  the  least  possilds 
risk  of  explosion  ;  and  Mr.  Goldsworthy  Guraey  end  others  appear  n 
have  so  far  succeeded  as  to  have  produced  carriages  worked  by  Bt«an 
in  which  persona  may  travel  as  aafaly  as  iu  coaches  drawn  by  hofsea. 
and  with  a  degree  of  velocity  incomparably  greater. 
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Vmy  recently  an  Eogina  has  been  invented  by  Mr.  Ericason,  Ilie 
Mactof  vhich  depends,  not  on  the  expanBiun  of  slemo,  but  on  that  of 
bmted  air  j  md  which  hns  be?n  tlterofore  called  the  Caloric  or  Rare. 
Jtod  Air  Engine.  A  model  engine  of  Gve>borse  power  has  been  ceo- 
^bncted,  which  hea  two  cylinders  with  their  pistons,  into  the  lar^r  of 
iAich  is  admitted  air  heated  by  troTeraijig  tubes  passing  mnnd  a  fbr- 
IBoe,  and  this  is  shrled  the  hot  cylinder  ;  while  the  other,  which  re- 
-  IJaireBlhe  coldeii  alter  it  has  escaped lioni  the  former,  is  named  the  cold 

■  4]rlliider.  ByniennaofrodB  and  a  doublecraak-shaft  connected  with  these 

■  jn'liDdera,  we  machine  is  worked.  As  the  power  of  an  engine  of  thig 
ftnnd  must  de[iend  on  the  dennity  of  the  aerial  medium  employed,  u 
¥  imall  rorciog-puujj  is  attached,  by  meana  of  which  the  power  and 

fkrearar*  msj  he  varied  at  pleoaure. 

He  trial  engine,  which  has  been  found  in  every  respect  satiafaclory, 
aujr  be  estimated  at  Bve-borae  power,  with  refereuoe  to  its  effioienty, 

"■^■^ id  with  that  of  slsaan-enginea.     It  makea  Efty-sii  revolntiona 

'  iving  ft  break-wheel  fiied  on  the  fly-shaft  loaded  with 
)  pounds.     The  working  cylinder  is  14  incliea  in  dia- 
e  cold  cylinder  101:  inches,  both    making    IB  inches 
B,  working  under  a  pressure  of  35  pounds  to  the  square  inch. 


n  any  considBrable  mass  of  matter,  whether  consisting  ofAin- 

If  •obataacs,  as  a  body  of  water  or  atmospheric  air,  or  of  aeveratsub- 

•a  mingled  tog«ther,  exhibits  a  uaiformity  of  temperature,  if  «n* 

— bstence,  either  more  or  loss  heuted  than  the  general  mass,  be 

I  it,  the  equilibrium  of  temperature  will  he  partially  disturbed, 

le,  and  then  restored  :  the  whole  mass  taking  bent  from  the 

«  added  to  it,  if  the  latter  he  comparalirely  hotl«r  than  the 

id  niviug  out  heat  tti  it,  if  it  be  relatively  cooler.     Iloat  is  thus 

communicated  from  one  body  to  others,  having  a  tend- 

O  beconw  generally  difiused  among  bodies,  and  cause  them  all 

e  degree  of  therraomeCrioal  temperaturi       "" 


f  eoaduetioa. 


wbich  the  propagatiou  of  heat  may  take  \<\bk«  - 
I,  Mad  bf  railiation. 


ft. 
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WHWuiriij  Mnatitut*  u  ■rutrBKtkal  prngwiia  of  m 
will  ti*  riiuiul  (lull  ilw  d«rc«M  of  tenpentan     "" 

Cunwiilfil  [iiogiMMUn],  fomutg  *  rapidlj  dimi 
ri.    Til*  nw  ufiUnitaitiioo  ofbeat  u  indeed  H 
Im)  Iiii|hiw)IiIii  U  HiIm  iIia  Uin|wrBture  of  one  end  of  ■  bu-  of  b 


yirili  »nil 
iiUiir  NilrMnil; 

'1  i>i'iici"il< 


niiri 


will  ■umoiunt  tu  melt  tbe 


nidancj'to  ipread  by  condDotioii  tbran^  ril 
,.i  «>.ii»  ,uu=,,o  nod  pvo  JL  out  with  much  grealer  ftdt"- 
Rn<     AnionK  lolid  mibatances  iho  power  oF  cmductiBg  ba 

ZBonaldarRbly.    MaCiUi  in  general  CDodact  it  more  retdil* 
and  ill  ■*        ■"         ■     ■■- 


d  llio  powor  of  oonductinn  ii  diSerent. 


t  *««  mi  MUQunt  <it 
■"(fila.     iJr,  Vuuiill'*  I 


,  *iH)H\HunA'«lW«*., 


a  aingle  degree,  by  any  hot  spfOiad  ■>  «> 
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the  hoodie  of  a  metiil  teapot  or  coffee-pot  is  commODtj  made  of 
since,  if  it  was  of  metal,  it  would  becooie  too  hot  to  be  grasped 
le  hind,  Boon  after  the  lesBel  wan  BUed  with  bailing  watei.  Dr. 
lODsi  auertained  the  dilTerenae  of  conducting  power  UDong 
^ipping  into  melted  beea-wox  aylindrical  roda  of 
■  ina,  and  when  the  equal  coating  of 
wax  on  su  ine  roos  wna  necome  solid  by  cooling,  he  plunged  them  to 
tbe  same  depth  into  heated  oil,  and  from  the  difference  of  time  required 
to  Dudt  the  wax,  in  each  case,  be  inferred  tiie  conducting  power  of  the 
respsctiTB  metnla.  It  thus  appeared  that  silrDr  wna  the  best  conduo- 
fcic  of  heat,  then  gold,  tia,  copper,  platina,  aleel,  iroo,  and  lead.  So 
that  the  power  of  conduction  in  metals  aeemsto  be  independent  of  tlieir 
deaaily,  tenacity,  or  fusibility  ;  for  tbe  specific  gravity  of  silver  is  in- 
ftrini  to  that  of  gold  or  platiua,  yet  its  coudncting  power  is  greater  ; 
wlile  h  has  less  tenacity  than  either  of  those  metals ;  end  it  is  not  so 
ntdilj  fusible  aa  tin  or  lead.  Kext  to  metals,  precious  atones,  as  the 
diainond,  tbe  topaz,  and  other  dense  earthy  Gonipounds,appeBrIobethe 
Madieatoooductoraofheat:  then  stonv  bnJies,  porcelain,  andglas9.Bnd 
porouB  earthy  compounds,  such  as  brick  and  pottery.  Wood  conducts 
fewt  very  imperfectly,  whether  in  ita  usual  state  or  id  that  of  charcoal ; 
^tber  ofwhicb  may  he  held  by  the  fingers  very  near  the  part  which  is  ' 
baining  and  red  hot. 

Animal  and  vegetable  Buhstancea  of  a  loose  teilure,  aa  Fur,  wool,  and 
eoHoD.  xre  extremely  indifferent  conductors  of  heat.  Hence  their  uti- 
U^,  either  as  nalural  or  artificial  clothing,  in  preserving  the  warmth  of 
tb»  body,  in  conaeqaence  of  the  obstruction  they  present  to  the  passage 
at  hcM  through  them.  It  ia  probable,  however,  that  in  such  cases  the 
•ffeet  partly  depends  on  the  quantities  of  air  contained  in  tlie  inter- 
•tie**  of  such  loose  substances  ;  since  air  is  oneof  tlie  very  worst  con- 
"telOTS  of  heat. 

Liquids  condact  heat  very  slowly  and  imperfectly.     If  mercury  he 

^  mred  into  a  jat,  and  hailing  water  poured  over  it,  the  metallio  fluid 

wai  raceire  heat  hut  alowly  from  the  water  above  it.     A  (hormomelBr 

bt  down  a  few  feet  below  the  surfaceof  apondorof  theaea,  would,  on 

being  drawn  up,  indicate  a  lower  temperature  thnn  that  of  the  aurroce 

'  V,  for  the  letter,  heated  by  tbe  rays  of  the  sua,  would  commuiu- 

by  eondnction  little  or  no  heal  to  the  water  ^eVo-n.  Vi4»nA.w.™»i 

nesHaBed  irbetbar  water  iias  the  power  of  con.Tejiat^"*'- *"*^'^ 
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ciMiilncliDD.  In  the  niBrginal  figure,  let  A  repraaenl 
a  cylindrical  jar  oi  vator,  with  an  air  thermometer, 
C,  immerBflil  in  il,  and  haviog  its  bulb  very  near  the 
.-•urface  i  B  Is  a  amill  copper  bsEin  floatjog  on  the 
t'iitt'r.  just  above  the  bulb,  sudsepnrated  from  it  onlj 
I'V  n  thin  stratum  of  the  aqueous  fluid  ;  yet,  when 
'uming  charcoal  is  placed  in  the  basin,  thongh  ihe 
'urfnce  of  the  water  beneath  it  may  be  heated  to  ibe 
boiling  point.the  temperature  just  below  Trill  scanelj' 
be  Bufficient  to  produce  any  efiect  on  the  thermomd- 
ter :  ao  that  it  may  he  concluded  that  water  doea  not 
Tranamit  beat  downwards  by  eonductian. 

ll  may  be  reaaouably  inquired  how  it  happens  that  water  ia  readih 
made  to  boil  by  the  application  of  heat.  A  linle  conaideration  will 
show  that  the  eSect  in  a  great  meaaure  depends  on  the  maimer  in 

'■' ..,.■.        ■     -        -     .     rg  the  souroe  of  hB«, 

expanded  by  the  heat 
communiEaied  to  It  tiirou|th  the  bottom  of  the  containing  veasel,  liui 
1o  tbe  top  iu  consequence  of  ita  inferiarity  of  Bpecilic  gravity,  and  the 
water  above  ^nka  down  to  supply  its  place  and  be  heated  in  the  aaaae 
manner,  till  the  whole  mass  aoqutrea  t!ie  same  temperature.  The  moda 
in  which  ebTillitioti  is  facilitated  bj  tha  formation  of  air  and  ateMB- 
hubbies,  and  Ihe  ensuing  circulation  of  the  fluid  in  ascending  and 
descending  cuirenta,  htu  been  already  deaoribed. 

.lir,  like  water,  appears  to  have  no  appreciable  e^ct  on  the  propa- 
gation of  bent  by  conduction  ;  and  it  may  be  concluded  (hnt  gSKoas 
Snida  conduct  heat,  if  at  all,  with  degrees  of  difficulty  increasing  in 
proportion  to  their  rarefncllon.  It  is  owing  to  tbe  extreme  rarefiutioa 
of  the  atmosphere  at  great  diatancas  &om  the  common  level  of  the 
earth's  surlHce,  as  upon  high  mowitains,  that  the  ejicesaive  cold  ob- 
■ervabie  !□  such  situations  is  to  be  attributed.  Yet  though  the  sBuo- 
sphere  is  so  bad  a  conductor  of  heat,  substtuices  may  be  warmed  or 
cooled  by  the  relative  temperature  of  the  air-,  for  tbe  eipasBion  of  si< 
by  beat,  and  necessary  production  of  aerial  currents,  nausea  a  npid 
transmiaaioQ  of  beat  through  the  air.  and  thus  the  temperature  of  tUJ 
boiij  in  contact  with  it  may  be  raised  or  lowered  according  to  circum- 
stanceBt     Ait  also  readUy  oouve^v  ^leut.^^^  r^ivufin^  as  will  be  aubse* 
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rKOWMIICK. 

oondnctiDn.     In  the  marginBl  figure 
a  c^Uodriaiil  jar  of  water,  with  so  i 

C   immeratHl  in  it,  and  having  ila  bi  

BDrlaae  8  is  a  small  copper  baain  floating 
water  jual  above  the  bulh,  and  aspamted  fr 
by  a  thm  straium  of  the  aqueous  fiuid  ; 
burning  charcosl  ia  pUcud  in  L 
Burlace  of  the  wat«i  beneath  it  maj  be  heatec 
b  ilm^  point, thelemperaturejnstbflloiTwillf 
be  snfficient  to  pnjdoce  any  efleet  on  the  thai 
ter  so  thet  it  niay  be  ouaaluded  that  water  d 
Irangmil  1  eat  downwafda  by  conduction. 

it  mar  he  reaaonablr  inquired  how  il:  bappena  that  nnter  u 
made  to  boil  by  (he  applieadon  of  beat.  A  little  oonBideratit 
nhow  that  the  effect  in  a  great  measure  depends  on  the  man 
which  the  liquid  ia  heated,  hy  placing  it  above  the  aaunw  a 
Thus,  (he  lowest  stratum  of  the  liquid,  being  expanded  by  tl 
commanicated  to  it  throDg;h  the  bottom  of  the  eontnining  vHssBl 
to  the  top  in  conaeqaence  of  ita  inferiority  nf  apecife  gravity,) 
water  above  sinke  down  to  supply  its  place  and  be  heated  in  thi 
manner,  till  the  whole  maea  acquires  tlie  itame  temperature.  Thi 
In  frhich  etiiillitian  is  fueilitati>d  b^  the  foraution  of  air  and 

bnhhlea,  end  the  ensuing  circulaQou  of  [he  Suid  in  aacendit 
descending  currents,  has  been  already  desorihed. 

Air,  like  water,  appears  to  have  no  appreniable  efieot  on  the 
gatiou  of  heHt  by  conduetion  ;  and  it  may  be  concluded  that  g 
fluids  conduct  heat,  if  at  all,  with  degrees  of  difficulty  inctGaa 
proportion  to  their  rarefaction.  It  ia  owing  to  the  extreme  rarel 
of  the  Btmcsphere  at  great  diatancen  from  the  common  level 
earth'a  sur&ce,  as  a[ion  bigli  mountaias,  that  the  esceaeive  cu 
aerveble  in  such  situations  is  to  he  attributed.  Yet  though  tba 
sphere  is  ao  bad  a  conductor  of  heat,  substiuit'es  may  be  wan 
coaled  by  the  relative  temperature  of  the  air;  for  the  expaDsiiiii 
by  heat,  aud  necessarv  production  of  aerial  currents,  causes  a 
trmamisBion  of  lieat  through  the  air,  end  thus  the  leniperamre  I 

■  hedy  in  <ontRC(  with  it  may  be  raised  or  lowered  accc   " 

"■    CBS.    Air  also  readily  conveys  beat  by  radiation,  s 
Hly  explained. 
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1.  In  the  mugioal  figure,  Isl  A  repreiul 
s  cyiioancBl  JBr  of  waler,  with  an  air  ihenuomelB 
C,  unmeraeJ  in  it,  and  baviag  ita  bulb  very  aett  i)i 
nahce  ;  B  is  a  smnll  copper  basin  floating  on  til 
water,  just  above  tbu  bulb,  andaeparated  fromitimli 
b;  ■  thin  stmium  of  (be  aqaeona  SDid  ;  TM,  vba 
burning  cbairoal  is  placed  in  the  basin,  tbaai^ttit 
•arface  of  the  vater  beneath  it  may  be  haaied  to  th 
boiling;  poiDt,  the  temperature  juat  Mow  will  saiaij 
ba  Eufficieat  to  prodace  any  effect  oa  the  ibermoBr 
tar :  BO  that  it  mar  be  conclnded  that  tratar  doea  Ml 
It  downwards  by  conductioD. 
mfty  be  reasonably  tnijuired  hon-  it  bappens  that  watar  is  reailih 
m&de  to  boil  by  the  appUcriilion  of  beat.  A  littls  consideratiDn  nUl 
show  ilut  the  'effect  in  a  great  measure  dupends  on  tbi'  maimer 
which  the  liquid  is  beated,  by  placine  it  above  the  source  of  bat. 
ThuB,  the  lowest  stratuni  of  the  liquid,  being  expanded  bytheboi 
cominunicated  to  it  tbrougb  the  bottom  of  the  ooutaiiiing^  ressel,  rixi 
to  the  tap  inconsequence  of  ita  inferiority  of  specific  gravity,  and  Ibi 
water  above  aiala  down  to  supply  its  place  and  be  beated  in  the  bbh 
manner,  lit!  the  wbale  mass  acquires  the  same  temperature.  The  mod* 
in  whicb  ebullititra  is  facilitated  by  the  tbrmudoa  of  air  and  iti^ 
bubbles,  and  the  ensuing  circulaDon  of  the  fluid  in  ascending  isd 
descending  currents,  has  been  already  described. 

Air,  like  water,  appears  to  have  do  appreciable  effect  on  the  prof*- 
^tion  of  heat  1^  conduction  ;  and  it  may  be  concladed  that  )ji»'nis 
fluids  conduct  beet,  if  at  all,  with  degrees  of  difficulty  tncreasii^  >■ 
proportion  (o  their  rarefnction.  It  is  owing  lo  Ibe  extreme  taceftctin 
of  the  atmosphere  at  great  diatancei  &om  the  conunon  level  of  ita 
earth's  surface,  as  npon  faigh  mountaina,  that  the  eiceeaive  cold  «t- 
serrable  in  such  situations  is  10  be  emibutsd.  Vet  tbongb  the  itDKr 
sphere  is  so  bad  a  conductor  of  hent,  substances  may  be  wanuid  v 
cooled  by  the  relatire  temperature  of  the  air ;  for  the  eipassion  gf  sit 
by  heat,  and  ueceBBarv  production  of  aerial  currents,  cansea  ■  iq>iJ 
transmission  of  beat  through  (be  air,  and  thus  the  temporMiuv  of  Muy 
both  in  contact  whli  i^.  maf  \K-r&we<iwV™'a.BA«H5QnlinK  to  oireu"" 
stnnres.  Air  also  leadi^  w«i^b^»\««V5  T^-.w«a, ■«...;&.««,  ..ta., 
lueatly  explaiued. 
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conduction.  In  [he  mvginal  Rgure,  let  A  repiesenl 
a  rylindricnl  jar  of  water,  iricli  an  ail  tbermometer, 
C,  ImmerBed  in  it,  and  baviag  its  liulb  very  near  the 
Biirface ;  fl  is  a  amnll  copper  basin  floating  on  the 
water,  just  shove  tlie  bulb,  uud  separated  fi^  it  ouij 
by  a  Ibin  stratum  of  the  aqueaus  flaid  ;  yet,  wh^ 
burning  ohnrconl  is  placed  in  the  basin,  though  the 
surface  of  the  watet  beneath  it  may  be  healed  to  the 
boiling  point,  the  temperature  just  below  will  scarcely 
Ijt'  sumrient  to  produce  any  effect  on  the  thermomit- 
I  r  so  tliHt  it  may  be  concluded  that  water  does  not 
"  .  by  cooductiou. 
1 L  iurtv  tic  rir^ibuuably  inquired  bow  it  happens  tbat  water  is  readily 
made  to  boil  by  the  application  of  boat.  A  little  conaiderBtion  will 
show  that  the  effect  in  a.  great  measure  depends  on  the  mtmner  in 
which  the  liquid  la  heated,  hy  placing  jt  above  the  source  of  heiti 
ThnB,  the  lowest  etratom  of  the  liquid,  being  expanded  by  the  heat 
coEnmunicated  to  it  through  the  bottom  of  the  containing  ressel,  data 
to  the  top  in  consequence  of  its  inferiority  of  specific  graiity,  and  the 
water  abore  sinks  down  to  supply  its  place  and  be  heated  in  the  soiae 
manner,  till  the  whole  roosa  soquirea  the  same  temperature.  Themoda 
in  which  ebullition  is  facilitated  by  the  fariDalion  of  air  and  sltSM- 
bubbles,  and  the  ensuing  circulation  of  the  fluiil  in  asceading  sod 
descending  currents,  has  been  already  described. 

Air,  like  water,  appears  to  hare  no  appreciable  effect  on  the  propa- 
gation of  heat  by  conduction  ;  ond  it  may  be  concluded  that  gneons 
fluids  conduct  heal,  if  at  all,  with  degrees  of  difficulty  increasing  in 
roportion  to  their  rarefadion.  It  is  owing  to  the  oitreme  rarelaction 
e  at  great  distances  Irom  (he  conunon  level  of  tba 
I  upon  high  mountaiua,  that  the  excessiTe  cold  ob- 
rituaCions  is  to  be  attribulod.  Yet  though  the  atnu). 
a  conductor  of  heat,  substances  may  be  warmed  vt 
oooled  by  the  relative  temperature  of  the  air ;  for  the  eipanaion  of  sif 
by  heat,  and  necesssry  production  of  ai^rial  carreots,  causes  a  rapid 
transmission  of  beat  through  the  air,  and  thua  the  temperature  of  aay 
body  in  contact  with  it  may  be  raised  or  lowered  according  to  circoni'  , 
■tances.  Air  also  readily  conveys  lieat  by  radiation,  as  will  be  subae-  ' 
.   qnently  explained. 


of  the  atmoa 
earth 'a  surfiic 
serrable  in  ai 
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In  ordET  to  effect  (Mb  mam  completely,  n  amtiber  of  pnctitioiis,  I' 
lag  segm&t^ts  cut  out  altematelj  from  their  (ops  and  bottoms,  a. 
croduc^d  into  tbe  hody  of  the  ref^neraCor,  giving  a  very  circi 
motion  to  the  hot  air  in  its  passage  from  the  pipe  G  lo  tbe  pipe  I 

The  cold  sit,  forced,  bytha  nottoa  of  the  piiton  of  theamall  ay 
in  a  contrarr  direction,  through  the  «maU  tubes  C  (these  bos 
piOTi dad  with  small  parlitionB  for  changing  or  intermixing  the  pa 
of  air],  will,  during  its  passage  from  the  cap  F  lo  the  cap  E, 
way  lo  the  hot  cylinder,  take  np  the  heat  imparted  (o  tbi»B  tul 
the  contniiT  hot  current  which  psasea  through  the  body  of  the  n 
raloT,  and  tJiereby  become  heated  and  eolarged  in  colume. 

It  Hill  be  arident  that  if  compreaaed  air  he  admitted  into  both 
dera  on  one  side  oolr  of  theirpiatona,  the  greater  surface  cF^ 
will  be  acted  upon  with  greater  force  than  the  less  surface  of 'flj 
hence  motion  must  ensue  ;  and  by  reversing  the  position  of  ll 
valves"  at  the  termination  of  each  stroke,  it  will  be  coutij 
need  hurdly  be  stated  that  the  difference  of  the  toiumei  of  u 
in  the  two  cylinders  will  cause  neither  deGoiency  nor  ■ 
during  the  action  ;  becBoae  in  the  lai^  cylinder  the 
state,  and  in  the  imall  One  cold. 

Some  loss  of  heat  will  of  course  be  unnviBdable  ii 
pncMS,  aad  this  is  eompenaatf-dhypunng  the  aif,  previ 
entering  the  hot  cylinder,  through  a  series  of  small  tubes.  L,  c 
eating;  with  the  cap  E,  and  inductioo-pipe  Q,  and  exposed  to  fire 
tained  in  a  stove,  M,  the  combustion  being-  supported  by  e 
draught,  and  the  tvaate  heat  made  to  pass  round  the  Tegeiiar>( 
carried  off  at  N  into  0  common  chimney.  At  the  san  ■  ^ 
which  has  passed  through  the  body  of  the  regenerator, 
small  qUBntity  of  heat  when  entering  the  pipe  K  ;  itisthereq 
through  tubes  O,  immersed  in  cold  water,  or  exposed  to 
cooling  medium,  previoua  lo  entering  the  small  cylinder. 

The  marked  difference,  dien,  between  the  Caloric  Eni 
steam-oi^ne  ooasista  in  this :  that  the  beat,  which  is  reqtu 
motion  to  the  Caloric  Engine  at  the  commancaiDent,  is  retu 
tnmsferring  procesa,  and  thereby  made  to  work  the  engineowi 
again,  rgquiriag  but  a  small  addition  of  heat  to  compenaaM 
caused  by  radiation,  SfC. ',  yi^As  oniNjc  cf&M^vwA.  w.  *« 
gine  the  beat  is  constantly  loal  \)\VVw),  ■imwo  (fffiMw 
irfwMcr,  or  into  the  atmospWe.We  wjT<i:ad<^--«wa  Sj 
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From  what  has  bam  Bated  it  maaC  be  inferred  tbat  those  budies 
wbicb  abBorb  iieat  most  freely  also  part  with  it  most  lapidlj  ;  that  is, 
they  are  sooner  heated  and  mort)  a  pee  dily  became  coaled  than  other 
boiUea.  Metals,  vfhich  are  ganerally  the  best  eonduetota,  and  therefora 
Hnmnuniciite  heat  soonest,  cannot  be  hnndled  n)ien  raised  to  a  tampor- 
MOre  of  moFe  than  190  deg.  *,  water  becomes  scalding-  hot  at  150  deg. ; 
bm  goT  applied  to  llio  skin  occasions  no  very  painrul  aensation  when 
il*  heM  is  far  beyond  tlist  of  boiling  water.  Some  curious  eipmimenta 
An  Lhe  power  of  the  homan  body  lo  withstand  the  influe&ce  of  heated 
tir  were  made  by  Su-  Joseph  Banks,  Sir  Charles  Bladen,  Dr.  Solan- 
der,  and  Dr.  George  Fordyco  ;  and  an  account  of  thorn  was  pullishad 
in  the  Plulosopbical  Transuctiona  for  1775.  7'hese  genUemen  found 
thtt  they  ooulil  remain  fat  some  time  withoot  iaaonveaience  Id  a  room 
where  tbe  hent  was  5'i  deg.  above  the  boiling  point.  But  Ihoue;!)  they 
Muld  thua  bear  the  oontaci  of  the  heated  air,  Ibey  aonld  not  bear  Co 
tooch  any  metallic  subatance,  aa  their  watoh-chnina  or  money.  Eggs 
placed  on  a  tin  frame  in  the  heated  room  were  roosted  hitrd  in  twenty 
minQles;  end  a  beefsteak  was  overdone  in  Ihirty'three  minutes. 
Shnflm  experiments  hoie  l^een  ot^n  repented,  eapeciallj  by  periooa 
who  have  made  public  aihibitiona  of  their  powar  of  sustaining  heat;  in 
whioh.  however,  there  is  nothing  oitraordjnary,  or  which  may  not  he 
nqiliined  as  the  result  of  habitual  practice.  JMr.  Cliantrey,  the  cele- 
tmted  aculptor,  made  «ome  obiervatioDH  analogous  to  those  Just  oo- 
tioti,  hy  means  of  a  stove  or  oven  which  he  uses  for  drying  plaster 
CMU  and  moulda.  A  thermometer,  auspended  in  this  heated  call, 
nuially  stands  at  300  deg.,  ^et  the  workmen  enter  and  remain  in  it  Oc- 
"'■'     "'"  I  minutes,  wiihoat  difficolty.    Persons  unused  to  such  a 

iind  that  thaj  could  easily  support  the  hest  for  a  short 
nms;  out  one  gentleman  inndverlently  entering  the  oven  with  a  pair 
of  ailrer-mount«d  spectaclea  on,  hiid  hia  face  burnt  where  the  metal 

I  name  in  contact  with  the  skin  ;  thus  experimentally  ascerttumag  the 
diffarent  effect  of  air  and  ail  ver  at  the  aame  temperature. 
On  the  strong  attraction  of  metals  Soi-  heat,  and  the  consequent  fnci- 
pXj  with  which  they  abstract  it  from  other  bodies,  depends,  in  a  great 
tneaaure,  the  effect  of  Sir  Humphry  Diivy's  safaty-lnm^i ,  \n  ^  UR^ 
Jd  mines,  or  other  plscei  in/esled  witli  that  ViniV  vX  «iiawini**«  ^»* 
n^ed  En-damp,     Flame  is  gas,  or  air  in  Iho  stale  olooin\ivw>io^>"r 
Vgmmia  require  a  raij  high  lemperuturo  to  niol>.6il>ctftV»^^">  "^ 
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the  flaiDB  of  gas  becomea  eitjnguisbed  by  toweriog  its  tempetatnrs. 
This  may  be  eijiBrimeDnlly  dumonstTDteil  by  upproacbing  to  n  weak 
flsme  a  large  maaa  of  iron,  us  by  gradnally  lowering  a  lliick  iron  ring 
□Vflr  tbs  BemB  of  a  small  cotton  Lbrpad  dipgied  in  oil;  vhirb.  baagit- 
firived  of  iU  beat  by  tbe  mete),  would  go  out.  In  t,  Bimilar  manner, 
tlie  temperature  of  any  inBiunmable  vapour  may  be  reduced  below 
what  may  be  termed  tbe  burning  point,  by  peasing  tbrongb  fine  wir»- 
gauie.  Thus,  if  a  small  portion  of  camphor  be  placed  in  tlie  centra  of 
a  piece  of  wire-gauie  about  a  foot  aquare,  and  a  lighted  candle  applied 
10  tbe  under  aiirface,  the  vapour  of  the  camphor  will  be  kindled  and 
burn  beloir  the  gauze,  without  pnasing  through  to  inflame  the  camphor 
upon  it.  Hence  maj  readily  be  understood  tbe  eSect  of  ihe  eaialy- 
lamp,  which  ia  a  kind  of  lantern  of  fine  wire-^nze,  within  whidi  a 
candle  or  wick^  fed  with  oil,  will  bum  in  aecurity  amidst  an  atmosphere 
of  Ere-damp  ;  for  though  tbe  rapaur  may  enter  and  become  inSanieil 
witbin  the  lantern,  the  flame  cannot  pass  through  the  close  tissue  of  tbe 
wire-gauze  to  occasion  an  external  explosion. 

Heal  is  not  only  communicated  from  one  body  to  another  bj  con- 
[lucciDn.  nr  by  means  of  circulating  currents,  but  it  is  alao  conTeyed 
to  considerable  distances,  through  any  elastic  fluid,  aa  air,  by  radiatwn. 
iliia  mode  of  the  transmisaion  of  heat  resembles  that  in  which  light  is 

ipagated  ;  and,  ss  li^hl  and  heat  are  frequently  tranamilted  togetbsr 

radiation,  tbe  eSects  of  radiant  heat  weie  generally  attributed  to 
light  bv  which  it  is  obaerved  to  b«  accompanied.  The  anciaal 
Greeks  and  Romana  were  acquainted  with  some  of  the  extraotdinaij 
efiecta  of  radiant  beat  produced  by  hnming-glasBes  ;  and  thus  Archi- 
medes  is  said  to  have  consumed  the  ships  of  the  Romans  by  such  in- 
strumenla,  during  the  ajage  of  Syracuse  ;  and  several  centuries  IstW 
the  iibiloBopher  ProcluB  in  the  same  mauuer  destroyed  the  fleet  of 
Vitalianus,  before  Constantinople. 

Many  experiments  have  been  made  in  modem  times  on  the  eOact  a! 
the  transmission  of  rndinnt  beat  through  convei  lenses,  and  of  iu  re- 
flection from  concave  mirrors,  wbicti  abow  that  by  Ibeae  means  its 
power  may  be  vastly  aufnnented,  and  which  tend,  upon  the  whole,  to 
corroborate  the  statemants  of  ancient  writers  leUtive  to  the  action  e! 
barn  ing-gluBses. 
The  /oJIoB-ing  results  ate  6tti  InWie  \«wv  *«aa«i  fem  the  ei- 

a  of  different  Bubalmoea  to  ll«  wi»  i^  ■&»  wa,  a««ia«&.--«i. 
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',  whil  a  focBl  difltaaae  of  tbrw, 
in  lfi<ll. 
iPisoes  of  inAii  anil  tin  were  inatiintly  melted  ;  a  plate  of  iron 
n  rendered  red  bot,   and  afterwards  fused ;  a  burnt    btick 
ivecled  into  fellow  glass;  and  amianthus,  one  of  the  moat  refractDT^J 
liMi  was  in  a  abort  time  reduced  lo  tbe  atnte  of  black  glass.*  Analo»' 
u  eiperiiaenti  were  BubKqueutl; 

■«  powerful  Una,  CDnacrocted  bj  ocdor  of  M.  Trudaine  da  Montigny; 
1  in  Eagiani,  with  Parker's  burning  lens,  wbicb  >cas  presented  to 
I  fjDperDr  of  Cbina,  wben  Lord  Macartney  was  sent  on  an  embassy 
Ibe  court  of  Pekin.  Tbia  last  instrument  was  a  double  conrei 
M,  lliiee  feet  in  diiuueter,  tliree  inches  thick  in  tlie  centre,  and  weigh- 
[  31>  pounds.  Its  aperture,  Rhea  set,  was  S^\  inches ;  its  focd 
Itanooje  feet  8  inches  :  hut  the  focal  length  was  generally  shortenoS 
a  Bmulai  lens.  Tbe  most  refractoiy  substance  fused  was  a  came. 
B,  which  required  75  seconds  for  its  fusion;  a  crystal  pebble  wiW 
Md  In  li  SKonda;  nod  a  piece  of  white  agat«  in  30  seconds.t 
[niportaiit  eiperitaents  have  likewise  been  made  with  conca 
S  and  with  EombiDHtiona  of  plane  mirrors,  which,  lliough  relativetf ' 
■  powerful  than  lenses,  may  more  conveniently  be  rendered  elGciei4:r 
er  distancea.  M.  Dofay  used  both  parabolical  and  apberiod 
made  of  plaster  of  Paris  gilt  and  humished  ;  and  with  on  "" 
latter,  SO  inches  iu  diameter,  be  aet  (ire  to  tinder  at  the  distani 
.{bet.  The  Abb^  Nollet  made  correapondingeiperinentawith 
re  mirron  constructed  of  pasteboard,  covered  with  silver  or  gold 
f  and  bumisbed.t  But  the  most  remarkable  eiperimenta  of  tbia 
^^Inreware  those  of  Buffon,  who  bad  a  macliine  composed  of  one  buo- 
■d  aod  aix^-right  small  plane  mirrors,  so  arranged  that  they  all" 
Parted  radiant  heat  (o  tbe  aame  focue.  By  meaus  of  thi 
«  of  redeoting  surfaces  he  was  able  to  set  wood  on  fire  at  tbs  dia-' 
joaof  Sog  feet,  to  melt  lead  at  lOO  feet,  and  silver  at  SO  feet. 
The  beat  of  (ha  sun  may  be  concentrated  by  means  of  a  c 
irror,  or  by  being  transmitted  through  a  convex  lens  ;  but  tt 
'  bufiutig  bodies  in  general,  thuugb  readily  reflected  by  a  concti'vi'l 
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loirroi  of  meUl,  produces  little  or  no  effect  bjineaoB  of  a  lena.    In  h 

ps|i«r  publisbed  in  the  Memoiia  of  tbe  Academy  of  Hdencea  of  Pnri>, 
ia  1683,  bj  M.  Msriatte,  he  atoUd  that  indimit  heut  from  a  ooioaian 
£re,  coacmtrMed  by  a  Eonrave  mirror,  baa  its  eSect  destroyed  b;  the 
interpositiaD  of  s  plnte  of  glass  ;  and  the  SiredisU  philosopher,  Scheete, 
from  numerouB  eiperimenis,  inferred  that  gloss  intetceplB  entirely  tbe 
radiant  beat  of  u  fire  ;  sod  that  s  glaas  mirrar  ivflecta  the  ligbl,  but 

trerenta  the  pauD^ie  of  the  beat,  irbile  a  wetalUo  mirror  reflects  both 
ant  and  light.  It  haa,  however,  been  aince  diacavered,  that  thoa^b 
tbe  beat  of  burning  bodies  commonly  aibibits  different  affeats,  in  pns*- 
in^  tlirougli  glass,  from  iboie  wbiBb  are  perceiTed  in  the  paaaage  of 
aolir  bent,  they  may  probably  dB]>end  on  tbe  far  inferior  inteoaitjof 
the  heat  arising  from  combustion  compared  witti  that  of  the  sun.  Foe 
when  a  Tery  intense  artificial  heat  with  ligbt  is  produced,  as  thai  dT 
charcoal  ignited  by  a  voltuie  battery,  if  a  Bmnll  lens  be  placed  before 
tbe  briltiDDt  star  of  fire  thus  obtained,  and  its  focus  be  cast  on  the  bait 
of  a  delicate  sir  thermometer,  some  elevation  of  temperature  msy  be 
jieroeived- 


That  heat  radiates  from  bodies  in  right  lines,  end  that    .. .^  ... 

leSectad  to  a  fooat  point  by  a  mirror,  lilie  light,  niHy  he  dumonBtr«te4 
by  the  apparatOB  represented  above.  IlconHislsof  tvro  oonciive  miiTOlU 
A  and  B,  ofplBnisbed  tin  or  plated  copper,  eboul  one  fool  in  lUi 
and  placed  eiactlj  opposite  each  other,  at  the  distance  oF about  U 
In  thn  focus  of  one  mirror,  at  C,  must  be  placed  a  heated  bodj.l 
^^^/^oq;  and  ia  the  focus  of  tl»  oihet  mirror,  at  D.  u  dift— -  "^ 
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momeler.  Tlie  mya  of  hent  tlicn,  impiaging;  oa  &e  mirror  A,  Bre 
ufleeted  througii  the  air  to  the  mirror  B,  wheucu  they  cuavergo  to  its 
^'J^BBat  D,  and  produce  an  effect  on  tbe  thenoometer  proportioned  to 
IS  dcnee  of  heat  of  the  iron  ball  or  other  heHted  bodj.  That  this 
bet  IB  not  produced  b;  the  mere  dispereion  of  the  heat  thniugh  the 
SC.maj  be  evinced  b;  holding  a  pasteboard  screen  hetween  the  minor 
i  and  the  thermometer,  when  the  latter,  thongh  as  near  the  soorce  of 
Mt  Hfl  before,  wotdd  be  bardTy,  or  not  at  all.  affected  by  it.  -And  if 
IB  ball  be  moved  oul  of  the  fbcuB  of  ihe  mirror  A,  towu^s  the  ther- 
DOieter,  thoogli  thus  hrougbl  nearer  (o  it,  the  effect  will  be  greatly 
iminuhed.  The  Qutiie  of  ii  candle,  or  a  flaalc  of  boiling  nnter,  being 
abtlituted  for  the  heated  ball,  the  same  effect  will  be  produced.  If 
L  body  fielding  a  stronger  heat,  as  bnruiog  charcoal,  be  placed  in  the 
^«  of  one  mirror,  and  a  piece  of  phos|ihorua  in  that  of  (he  other,  the 
lome  will  be  instantly  inflamed  :  and  in  the  same  manner  may 
^^^  clod  the  detonation  of  fulminating  silver,  or  the  deflagratioQ  of 
lVili{MiTder.  For  llie  eihibitioa  of  the  latter  experimenta  may  ba 
tdopled  Sir  H.  Savy's  artaugemeot  of  the  mirrors,  verdcall;  ojiponta 
to  eacb  other. 

Ad  eitraordinary  and  somewhat  problematical  phenomenoo  whicb 

Eay  be  exhibited  by  nucb  mirrora,  is  the  ajipatent  radiatioa  of  cold. 
—  =r  s  bait  of  iae  or  snow  be  substituted  fur  tlie  heated  iruu  in  the 
of  the  mirror  A,  the  thermometer  will  show  a  reduction  of  tem- 
peratnre.  It  has  been  hence  inferred  by  some,  that  cold  is  a  peculiar 
kind  of  aobtile  fiuid,  capable  of  being  propngated  by  radiation  ;  but  tha 
affect  baa  been  more  generally  attributed  to  the  abslraction  of  heat 
from  Ihe  tberniomeler  by  the  frozen  maas  opposite  to  it. 

Thosebodles  which  reflect  beat  most  powerfully,  like  the  polished 

pkirrors  above  described,  do  not  acquire  heat  from  the  rava  impinging 

ir  Burfaces  ;    ao  that  such  a  mirror  might  be  held  a  lon^  timo 

cppoote  lo  a  fire  without  beoominp;  perceptibly  warmer.     But  if  the 

Bumce  of  the  metal  be  made  rough  by  Ecratcbieg  it  with  sand-paper, 

W  covered  nlcb  paste  mixed  with  chalk  or  Inmp-blaok.  it  will  rapidly 

lA  the  rays  of  hpat,  instead  of  reflecting  ihem.     Hence  il  appears 

ibe  alTect  of  radiant  heal  greatly  depends  on  the  stale  of  the  sur- 

. »  of  bodies.     '■  Leslie  discovered,  by  eiperimenta  made  in  1B03, 

tiut  the  heat  emitted  by  radiation  ona  affected  by  the  oalure  of  the  aur- 
«8Xpciud.  ThesctinnofsblackeneilBurbDeoftinbeingllW.that 
uleel  plate  was  15,  of  fleao  tio  la,  of  lijiaciapedli'n^\\«.,-»V»!o- 
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■craped  witti  the  edgn  of  a  Gn»  file  in  one  direction  26,  ivhen  scraped 
Bgdn  serosa  about  13,  a  Burfuce  or  olean  lead  l!l,  covered  with  a  gray 
eniBt  45,  a  thin  ooBt  of  isinglnaa  BO,  resin  96,  writing-paper  98,  ice  B5. 
Heat  IS  well  na  light  ia  bo  piojected  Irom  a  BuHice,  aa  to  be  e^nall; 
dense  in  all  direcliona,  canaequeally  from  each  point  in  a  qoauti^ 
which  ia  as  the  sine  of  tbe  angle  of  incUnnlion.  The  radiation  is  not 
affected  by  the  quality  of  the  goa  in  contact  with  the  anrface,  hut  it  is 
not  tranaoxitted  by  water."*  AapDliabedmetalaahaorhheat  reryalovlj^j 
■o  heat  ia  hnt  alowly  emitted  bom  the  surface  of  such  metals  ;  gni] 
thnB  boiling  water  would  continue  at  a  liigh  temperature  mucb  longer 
in  a  etlFer  tea-pot  then  in  one  ofbiacli:  earthenware  ;  so  that  reaaela  of 
polished  metal  are  best  adapted  for  preparing  tea  or  other  vegetable 
infusions.  Suhatancea  of  a  light  nnd  very  brilliant  colonr  reflect  heil 
readily,  but  do  not  abaorb  it ;  wbile  black  or  rety  dark-coloured  bodies 
absorb  tlie  heat  that  falls  on  theai.  reflecting  Kitle  or  none  of  it.  If 
pieces  of  white  cloth  and  other  pieces  of  black  cloth  be  laid,  in  similar 
circumstances,  on  the  surface  of  snow,  it  would  aoon  become  melted 
beneath  the  black  doth,  but  remain  perfectly  solid  under  tbe  white.  In 
some  of  the  monntainouB  parts  of  Europe,  the  farmers  are  accustomed 
to  spread  black  earth  or  soot  over  the  snow,  in  the  spring,  to  hasten  its 
dissolution,  and  enable  them  to  anticipate  the  period  of  tillage. 

It  mny  be  generally  assumad  (hat  sit  bodies  of  unequal  tempei 
tend  to  become  of  eqaal  temperature;  if  in  contact,  by  condoDtion; 
if  at  sensible  distances,  by  rndiation  of  the  eiceaa  of  beat ;  and  in  the 
latter  caae  whether  the  radiotion  reach  the  cooler  body  directly,  or  by 
an  inlerTening  reflection.f  
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IN  THOSE  DBPARTMBNTS  OF  EXPERIMENTAL  OPTICS  WHICH  RBVBAL  TO  US  THE 
MORE  INTIMATE  NATURE  AND  AFFECTIONS  OF  LIGHT,  IN  VSRT  BBCBNT  TIMES 
ASTONISHING  ACCESSIONS  HAVE  BEEN  MADE  TO  OUR  KNOWLBDOB  BOTH  OF  THE 
PHENOMENA  AND  OF  THE  THEORY.  AFTER  8LUMBBRINO  MOBB  THAN  A  CBNTUBT, 
DURING  WHICH  SCARCELY  A  SINGLE  FACT  WAS  ADDBD  TO  TH08B  ELICITED  BY 
NEMTTON,  THIS  BBAimFOL  AND  INTBRB8TINO  BRANCH  OF  INQUIRY  BEGAN  TO 
RBVIVB.  IN  THB  HANDS  OF  MALUS,  ARAGO,  AND  BIOT,  IN  FBANCE,  AND  OF 
WOLLA8TON,  BREWSTER,  AND  HBRSCHBL,  IN  ORBAT  BRITAIN,  THB  PHBNOMBNA 
OF  POLARIZED  LIGHT  GAVE  A  COMPLBTELY  NEW  TURN  TO  THB  TRAIN  OF  INQUIRY  ; 
AND  A  SUCCESSION  OP  EXPERIMENTAL  FACTS  AND  LAWS,  SERVED  TO  BXCITE  THE 
ADMIRATION,  AND  IN  SOME  DEGREE  TO  EXERCISE  THB  THBORBTICAL  SKILL  OF 
THESE  AND  OTHER  PHILOSOPHERS. 

Prof.  PoweWs  Historical  f^iew  of  the  Progress  of  the  Physical  and 
Mathematical  Sciences. 
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Amdko  ths  grand  sources  of  our  knowledge  of  lie  works  of  ai 
h  tlie  laeulty  or  sease  of  sight  and  rision,  towJiicli  we  owe  the  uerce)]- 
"  id  of  light  and  colouis,  and  the  msans  of  jud^nc  coucenung  the 
nu  mil  appeumnces  of  the  uumerDuB  hodies  iirtiund  as.  The  lughly 
niriaQBi  iuleieating,  and  impoTtnnt  phenamenB  with  which  we  thus 
Weone  Bciiuninted  conatitnte  the  aut^ects  of  the  science  of  Optici.* 
K  the  theory  of  light  and  visiaa.  This  depulnietit  of  outural  philo- 
Dphy  tnty  be  considered  AS  furDiBbing;  topics  for  in 
iierent  points  of  view  ;  1.  As  ndating  to  the  Kenerai  pro| 
'  *U  effect  on  the  organ  of  vision  -,  2.  Vi'i^ii  tefeieti 

■  FTaai  thcGreek'Oirrojiai.toMM. 
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it  from  the  sarlaces  of  bodies  ;  3.  With  refercDce  to  [be 
reftHClion  of  light,  or  tJie  alteration  it  uDd«rgo«a  la  paasm^  through 
transpment  bodies  ;  4.  As  regards  the  phenomeos  of  coloura  ;  3,  As 
reB))«ct8  cecUin  madificadons  of  reflected  and  lefracted  light,  whidh 
bacB  hsea  ohsructetiied  ae  resulting  from  the  polafiiBtioD  ot  l^hl. 

Among  the  multitudes  of  bodies  which  ire  can  perceive,  some  are 
TJiible  by  their  ovrn  light,  and  tbeas  are  styled  luminous  bodiesj 
nhile  others  have  no  such  illuminating  property,  and  can  bo  seen  only 
b^  means  of  the  light  afforded  by  Ibe  former,  X-uininoua  bodies  oon- 
sisl  of  [hose  which  are  original  sad  permanent  sources  of  tight,  as  the 
aon,  fixed  stars,  and  probnblj  cooielB;  and  those  Tchicb  exbibit  ligbt 
only  ander  certain  circumatances,  especiallj  nbile  undergoing  com- 
buBtion,  as  in  the  case  of  minute  fragments  of  ateel  struck  off  by  Ae 
loUiaioD  of  lint  with  steel,  or  io  the  common  process  of  burning  a 
candle,  oil  in  a  lamp,  or  coal-gas. 

Any  bodies  which  do  not  interrupt  the  passage  of  light,  or  which 
admit  of  other  bodies  being  seen  through  them,  are  called  tranaparenl 
bodies;*  those  which  prevent  entirely  the  passage  of  light  are  teimed 
ojiaiiue  bodies;  and  those  which  alhiw  other  bodies  to  be  seen  through 
tliem  obscurely  and  imperfectly  are  named  semi-transparent  substuicai. 
Transparency  and  opacity,  however,  depend  much  on  the  relaliTa 
Ihicknefis  or  ibioiieas  of  subfitanceai  for  evrn  air,  Rbioh  aSbrda  leM 
interruption  to  the  passage  of  light  than  any  other  kind  of  matter,  U 
not  perfectly  diaphanoiia[  nor  will  (ho  densest  metal  completely  pre- 
vent the  inflneoce  of  light.  It  has  been  calculated  that  the  almosphere, 
when  the  rays  of  tbe  sun  pass  perjieudicularly  through  it,  interrupts 
from  J  Io  i  of  (heir  light ;  but  when  the  aun  is  near  the  burizoni  and 
the  mass  nf  sir  through  which  the  solar  rays  pass  is  consequently  TaMlf 
increased  in  thickness,  only  j^,  part  of  their  light  can  reach  the  aut&ce 
of  the  earth.  "  By  a  pecutisr  application  of  my  photometer,"  says  Sil 
John  Leslie,  "  Ihuve  found  that  half  of  the  incident  light,  which  might 
pass  through  a  field  of  air  of  the  ordinary  daniity,  and  lj\  miles  ex- 
tent, would  penetrate  only  to  tbe  dejjtli  of  1 5  feet  in  the  clearest  se^ 
water,  which  is  Ihersfore  about  5400  times  less  diaphanous  tluiD  ths 

•  ITie  words  Irirasfartvt  ao4  (Tlaphoiiinu  tn  synonymonB;  Uie  forma 
telDS'ilf rival  froai  the  Latin  (ran., thiua*1»>i^«i™a.«*i"t"-»i)Da™ot[ 
le  latter  flum  the  Greek   iiO?nv>t<,tfiai»Uiti\a™<a,^, 


^^ 


OBpherio  medium.    But  wsler  ot  alitdloiv  lakes,  althong-h 


■en  two  feet.     The  same  measura  of  absorption 

pUoe  in  the  pauBsge  of  Uglit  througb  the  tbicVnesB  of  two  or  Oaes 

Dhes  of  the  Guest  ^laiiB,  which  ia  cooaequently  500,000  times  more 

sque  thiin  an  equal  bulk  of  air,  or  300  tiOiea  mote  opaque  Ihau  un 

jual  bulk  or  roasa  of  this  fluid.     But  even  gv\i  is  diaphanous.    If 

^Leaf  of  that  meuJ,  either  puro  or  with  only  »  part  of  alloy,  ind 

■"  -     '    a  of  a  fine  yellow  lustre,  but  scarcely  eMeeding  3„^j  of  an 

thtokueas,  and  inclosed  between  two  thin  plates  of  mica,  be 

^(dd  immediately  before  the  eye,  and  opposite  to  a  windovr,  it  will 

'  rnumit  d  aofi  greeu  light,  like  the  colour  of  the  n-atei  uf  the  sea,  or  of 

olearl^eof  moderate  deptli.    Tbis  glaucous  tint  is  easily  distin- 

'  ■  'isd  from  the  mere  wlijle  ligLt  which  passes  Ihrongli  noy  visiblo 

.  .1  oi  toco  parts  of  the  leaf.     It  ia  indeed  the  Tery  colour  which 

■old  ilMlf  laautnea  when  poured  liquid  trom  the  melting-pot.    A  leaf 

'~'  psie  gold,  or  gold  alloyed  with  about  ^  part  of  silrer,  tranamita  an 

nrs  colour;  from  which  we  may  with  great  probability  inier,  that 

■ilrer  eould  be  reduced  to  a  sufficient  degree  of  thinness,  it  would 

iwthtiree  B  purple  light.      These  noble  metals,  therefore,  act  upon 

hile  light  exactly  lilie  air  or  water,  Bbeotbing  the  red  and  orange 

^9  which  enter  into  its  couipositiou,    but    suffering  the  conjoined 

raea  nod  blue  taya  to  effect  tlieir  passage.      If  the  yellow  leaf  were 

.  I  tronamit  only  ,',  part  of  the  whole  iocident  li):bt,  we  should  □□ly 

tCOnclude,  that  pure  gold  is  SsO.OOO  times  less  diapbaoons  than  pei- 

hurid  glass.     The  inferior  ductility  of  the  other  metals  will  not  allow 

dnt  extreme  lamination,  which  would  be  requisite,  in  ordinary  cases, 

to  (bow  the  trsnatnission  of  light.     Bot  their  diaptumous  quality  may 

b«  iorened,  from  the  peculiar  tints  with  which  they  affect  the  irana- 

nitted  niya  whan  tiiey  form  the  aUoy  of  gold.    Other  mbatances 

vrltieb  are  commonly  reckousd  opaqui^,  yet  iierinit  in  rarioua  propor- 

lioDI  the  passage  of  light.     The  window  of  a  small  apartment  being 

-•---'  iij  a  deal  board,  if  a  person  within  shut  hia  eyes  for  a  few 

IS,  to   render  them  more  sensible,  he  will,  on  opeoiug  llwia. 

easily  discern  a  faint  glimmer  through  l\ia  -«"uviof  .    'i^  '^* 

bo«rdb«/J«o«/  diinner.  more  ligl.t  will   auccestoxeXj  ^ent>^T«»,  'i?'' 

•t-  funatare  of  the  room  becomea  viaible,  Ou4  yct^?*  li^Jl.t%'a■«** 
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may  be  diatioclly  reset ,  Writing-poper  transmits  slxiul  llie  third  part 
of  the  wLole  iacideot  light,  nnd  ivlien  oiJed  il  ol^u  sup|>liei  the  plsca 
of  glasaintlie  cammon  WDrkahops.  Tbe  addJtti>D  aftheuil  does  not, 
howsTer,  materially  angmeiit  the  diaphanooB  quality  of  tbe  paper,  but 
retidera  jta  inlecDal  Btmcture  more  regular,  nod  more  assimilated  to 
tbat  af  a  liquid.  The  rays  of  li^ht  travel  without  much  obstnUtloD 
ncroaii  aeveral  folds  of  papiir,  anil  even  escape  eopiouslj' through  ptule- 

The  chief  Bouroea  of  light.aa  already  obaerred,  are  permanently  Iti- 
minona  bodies,  or  oelestial  fire,  especinlly  the  aan ;  and  terrestrial  &n, 
or  thai  giren  out  during  combualioD  or  ineaudescence.  There  ae. 
Itowever,  some  cases  in  irhiah  light  ia  exhibited  under  cireuinstanett 
apparently  unconnected  with  the  influence  of  the  Bolar  rays,  or  of  ter- 
restrial fire.  The  exhibition  of  light  nocompaniea  many  electrical 
phonoEnenai  as  lightning,  the  iumtnoua  traits  produced  by  bruiriiiiig 
with  the  hand  a  eat'a  back  in  the  dark,  and  manj  ethers,  whioll  wiS 
be  more  particularly  noticed  in  the  subsequeut  part  of  this  Toltmi^, 
PboBphorescence  ia  another  kind  of  luminous  eihibition,  where  lijjt 
is  emitted  nitbont  sensible  beat,  and  tbe  etfrxt  seems  to  be  bat  r^ 
motely,  if  at  all,  dspendenton  either  of  the  ^nd  sources  of  luminosity 
which  haTe  been  painted  oat.  Common  phoapbDruB  ia  a  faighlv-  com- 
buBlible  body,  burning  fiercely  at  a  certain  temperature,  With  inloiK 
ligbt  and  heat :  it  alao  gives  out  light  at  a  very  low  temperature,  with- 
out apparent  beet,  bat  this  is  tbe  effect  of  slow  combustion  r  it  yng, 
however,  ascertained  by  Dr.  Van  Alarum,  a  Dutch  philosopber,  that 
phosphorus  covered  with  dry  loose  cotton,  or  sprinkled  with  resin, 
would  abine  under  the  eihausted  receiver  of  an  air-pump,  t  a  situatida 
in  which  it  seems  impossible  that  any  combustion  can  tahe  place,  ae 
account  of  the  deficiency  of  atmospheric  air.  But  there  are  j^oft- 
phorescent  bodies  which  yield  light  under  circumstances  which  havv 
no  connexion  wliatever  with  the  process  of  combustion.  Decayed 
wood,  and  sometimes  peat  or  turf,  have  been  observsd  to  shine  in  dt 
daric  I  and  some  kinds  of  fish,  as  soles,  whiting,  tench,  and  carp,  be- 
come luminous  when  toinled,  but  before  they  grow  putrid  ;  lobitcn 


^m    *  Ell 

II; 


powers,  u  being  c( 


n  often  display  phoapbo 
.  .«  tiutcheiB' meat,  occasionally, 

'  Tbeie  are  many  animals  of  the  lower  orders  that  emit  light  in  ^aler 
Sriesi  aboDdance  n-hile  living.  Among  insects,  ihe  glow-worm  (lon- 
pyrit  SpUnJidiila)  ia  iLe  moat  genaraJly  nnted  for  its  illuminaling 
common  in  England  and  other  European  coantrieaj 
r,  others  of  our  uatiTeinaeoti  in  some  degree  poasesa- 
ing  similar  properties,  as  tbe  common  centipede,  fouod  under  tiles  or 
flowerpolB  in  gardens,  wbich  wben  irritated  gives  oat  briglit  flasbee  of 
light-  But  the  most  remarkable  shining  iaaecCa  are  natives  of  th« 
West  Indies  and  South  America  :  and  of  these  ibo  £faUr  Kaclilticui,  ■ 
coleopterous  insect,  affords  a  splendid  specimen.  "  It  is  an  inch  long, 
and  about  one-thiril  of  an  inch  broad,  gives  out  its  principal  light  from 
two  eye-lii(e  tabarcles  placed  upon  the  tlioraz ;  and  the  light  emitteit 
^m  them  is  so  cousidsrabletliatlhe  smallest  prim  may  beread  by  movu 
iag  one  of  these  insects  along  the  lines."  ■     The  surface  of  the  sea  IM 

(rved  by  mariners  t^  be  acGBsioDBllj  illuminited ;  and  [be  light  ge* 
Uy,  if  notalwBjs,  is  produced  by  certain  marina  phosphoreaeent  ani- 
i.  There  aie  some  peculiarities  in  these  lumincns  appearance^ 
ih  have  been  deicribiM  as  exhibiting  Gve  varietieB :  "  the  first  Bho«« 
f  io  KBttered  aparllea  in  the  spray  of  the  sea,  sod  in  the  foam 
created  by  the  way  of  the  ship,  when  tha  waler  is  slij-btly  ajilated  1^ 
the  winds  or  currents  ;  the  second  is  aflash  of  pale  light,  of  momentary 
duration,  but  often  intense  enough  to  illuminate  the  water  to  an  eiient 
of  Beveml  feet;  the  third,  of  rare  occurrence  and  peculiar  to  gnlfi, 
bays,  ind  shallowa,  in  warm  climates,  is  a  diffused  pale  phospbore»- 
"  '^~  gambling  sometimes  a  sea  of  milk,  or  of  some  metal  in  a  state 
s  liqueivctiou ;  the  Iburth  presents  itself  to  tbe  astonished 
inder  the  appearance  of  thick  bars  of  metal  of  shout  half  • 
D  length,  ignited  to  whiteness,  scattered  over  the  surface  of  the 
— le  rising  up  and  contiuuing  lomiaous  aslong  as  they  remain  in 
le  others  decline  and  disappear  ;  and  the  £flh  variety  is  in 
et  spots  on  the  surface,  of  great  beauty  and  briUiancy.  The  light 
' "--    ■ s  brilliant  and  condensed   than  that  of 


a  others,  and  (err  much  ri 


<mbles 


J  way  the  red  gold 
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tiller  rein  of  the  pjrotechDist.  It  imd  Ihe  third  Idnd  are  prodatwd  bjr 
tuynnds  of  vnrioUB  miuule  cruatnceous  aniniBls,  tbe  smaller  IUhIum 
and  Maliiiua,  md  purbBps  nucne  Aantlida,  the  second  appears  to  pro- 
teed  from  the  galaUnoUB  ilcduuc,  of  a  larger  siie  ;  ihe  PyrMama  an 
ihe  cuaae  of  the  fourth  kind,  which  may  be  often  witneued  by  toshU 
boDod  to  India,  or  the  eastward  of  the  Cape  of  Good  Hope,  oraardng 
in  the  calm  latitudes  near  the  line.  The  Sup/i'iirina  IndiaUor,  aa  insect 
ewhat  resembling  in  appearance  the  wnodlouse  (Oatina),  sai 
It  ime-lhird  uf  an  inch  in  leDglfa.  emits  tha  last  rariety  enumerated, 
ch  appears  to  be  limited  to  ^a  seas  situated  1o  the  oorth  and  wau 
lino  drawn  from  the  Cape  of  Good  Hope  to  the  sautbem  exlnmitr 
of  the  island  of  Ccylou."* 

"cnne  flowers  hare  been  remarked  to  emit  fiasbet  of  light  while 
ring  on  the  plants  to  which  they  belong.  Thesti  miniature  liglU- 
;s  lometimea  are  paroeiTed  of  a  summer  evening,  in  warm  doM 
iher,  issuing  from  the  petals  of  the  African  and  the  comuaa  maii- 


andll 


s  of  n 


'k  cryiUl, 

which  become  luminous  on  being  removed  into  a  dark  room  after  ex- 
posure to  the  rays  of  the  sun.  What  is  callad  the  Bologniin  phoa-  i 
phorus,  is  artificially  prepared  bj  mixing  into  B  paste,  with  gum  tragi- J 
cnnlh,  poirderpd  suIpMte  of  bar^teH,  or  ponduroiH  spar,  nad  dividiiytl 
tliH  mwa  into  thin  cakrys,  which  are  to  bo  carefully  cakined  in  an  op^J 
lire  and  suffered  to  coolalowlv:  they  tbsD  shiueiQ  the  dark  after  beinfl 
eipoaed  to  the  sun.  Cnnlou  s  pbosphorus,  which  conaiata  of  inlpbut^ 
of  hme;  and  Baldvna's  phosphorus,  which  is  nitrate  of  lime,  bsJ 
analogous  properties  ;  snd  oysler-shelU,  caloined  by  putting  then 
n  coal  or  charcoal  fire,  for  shout  an  hour,  and  wlien  cold,  taking 
thin  scale  trom  the  imide,  will  he  found  to  haic  become  phoaphora 
There  are  minerals  which  are  rendered  luminous  in  the  dark  hy 
posure  to  a  temperature  aoniewhat  below  red  heat,  aa  pbosphalei 
lime,  from  Elstremadura,  in  Spain,  some  kinds  of  Buer  or  Derhi''^ 
■par,  fetid  carbouste  of  lime  or  swiuestone,  quuts.  snd  poud 
spar.  Light  mnv  he  elicited  from  violent  Miction  or  oulliuoD  ofl 
combustible  bodies,  just  as  Gra  is  from  flint  and  steel.  Thus  brf 
eparkataay  be  produced  by  BtiiJiiBttnie^iawnA  cnmrnnD  Bint  m 
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J»iii9t  another  ;  nibbing  together  iwo  pieces  of  bonnet-cane 
kiue  the  emioaina  of  ligbt,  ia  consequence  of  the  epidErmii  or 
Muting  of  die  cone  being  composed  of  siliceous  esiih  ;  and  loaf 
|ietdB  a  pale  light,  froia  the  collision  of  two  lumps  in  thu  dark, 
bet  being-  merely  the  sihibilioD  of  phospLoreaceocG,  for  tliougb 
Is  ID  inSniDmable  substance,  the  tominous  appearance  is  unae- 
Blied  b  J  combtislion. 

r;,  considered  as  (lie  cause  of  rision,  or  the  medium  by  which 
become  perceptible  tu  aight,  exhibiting  a  varietv  of  tints  to  the 
H  ^nerally,  since  the  publication  of  Sir  Isaac  Nen-ton's  theory 
tit  and  colours,  been  mcribed  to  the  emiasion  of  a  peculiar 
d  fluid  from  the  sun  and  all  other  luminous  bodies.  This  subtile 
as  supposed  to  ba  perpetually  streaming  in  nil  direc- 
in  and  fixed  stars,  travelling' with  a  velocity  900,01)0 
iMyond  that  of  soand  through  the  air,  and  yet  conaisdngnf  par- 
■o  eitiemely  minute  as  to  pass  through  the  densest  aubstaoces 
X  at  >U  altering  their  structure,  or  interfering  during  their 
ta  in  the  sligblesC  degree  with  each  other.  Descartes,  who 
■  1S50,  had  advanced  a  different  hypothesis  to  account  for  the 
of  light,  fbuoded  on  the  admission  of  the  existence  of  an 
ll  fluid,  not  subject  to  a  luution  of  translation,  or  passage  from 
Rt  of  space  to  anothflr,  but  capable  of  being  throtcn  into  the 
f  nndulBtion  by  the  impulse  of  luminous  bodies  ;  and  the  undu- 
iDtion  beine  indafinilBly  eitended,  would  obviously  propagate 
leDse  of  light  through  any  given  space.  The  theory  of  unduln- 
it  is  termed,  was  adopted  and  improved  by  Huygeos,  the  con- 
Tt  of  Newton,  but  the  aystem  ofemanntioa  oremisaion  of  light, 
„ilby  the  latter,  principallv  through  the  Duthoritr  of  hie  great 
prevailed  almost  universally  till  about  the  middle  of  the  last 
"r,  when  it  was  utlocked  by  Leonard  Euler.  who  in  his  "  Let. 
different  subjects  of  Natural  Philosophy.  sddreBsad  to  a  Ger- 
^'iuoeiB,"  has  pointed  out  the  difficulties  which  occur  in  attempl- 
Biplain  the  phenomena  of  light  accontiug  to  Newton's  doctrine 
Sry  of  emanation,  and  hasadianoeil  many  striking  argaments  in 
of  iho  thifory  of  undulation,  showing  the  analogies  between  the 
ofpropi^ation  of  light  and  sound,  and  demntiattsSm^  "0(1*  %•">*" 
-  -  neat  of  the  bypofjieaia  with  those  tacU  wVit\i  oowSwVmJ--  "■'^" 
yitictl  ttieace,     Euler,  howefet,  gwjied.  baX  ^a-w  ^i" 
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aniiHig  liig  scieotifia  contemporariea,  and  the  oppwite  tbeoiy  yram 
generally  admitted  as  correct  till  about  llie  begmning  of  llie  piesenl 
uealaty,  when  Dr.  Tbomaa  Voimg,  in  the  fiskemu  Lecture,  read  be- 
fore tlie  Royai  Society,  1801,  entered  into  an  elaborate  disquiaitiD& 
toncemicg  the  theoiy  of  light  aud  colours ;  and  deduced  from  the 
principles  laid  dowQ  bv  Newton  bimsetf,  the  three  following  hypo- 
theses :  1.  That  a  luniiDiferous  etber,  rare  niid  elastic  in  a  hiu;h  degree, 
pervadOB  the  whole  unirerBe.  i,  That  undulations  are  excited  in  this 
Biher  whenSTer  a  body  becomes  luminoua.  3.  Thst  the  senaalion  of 
different  oolours  depends  on  the  frequency  of  Tibrationa  excited  by 
Itglu  in  the  retina.  I'o  these  be  added  a  fourlb  bypotheaia,  amnming 
thai  all  material  bodies  have  an  attractioD  far  the  etiiersal  medium,  b; 


11  distanc 


greater  elaaiicity  • 

Subsequeut  discoveries  have  tended  to  coofirm  the  theory  of  nndu- 
lation,  wbicli  affords  a  more  unobjectionable  mode  of  eiplainiiig  the 
pbeuomena  of  polarized  light,  and  other  appearances,  than  is  fumulieil 
hv  the  theory  of  enuwatian ;  aud  the  funuer  has  been  embiaced  Iw 
the  most  disling;uiBbed  pliilasojihert  now  living  or  recently  deceueaf 
as  Fresnet,  Arugo,  Sir  John  Uerscbel,  Sir  1).  breiratBF.  and  othei«i 
wba  by  theii  own  dtscoiH-ies  Iihtb  gnmily  cuDlribuled  tu  encnil  tilt 
bouiidaties  of  science. 

Tlie  prupBgation  of  light  always  takes  place  la  right  lines,  pto- 
j acting  OD  every  side  from  luminoua  bodies.  Sucb  ladiatiDg 
lines,  or  raja,  diverge  from  each  other  in  their  passage,  fbniUBg 
what  is  caUed  a  pencil  of  light,  as  exhibited  in  the  margiiBl 
figure.  A  similar  effect  may  be  produced  by  admitting  into  > 
darkened  room,  through  a  minute  apeitare  is  s 
window-shutter,  the  light  of  the  sun,  wUefa 
would  be  perceived  pioueeding  in  a  diverfiaf 
bundle  or  pencil  of  r»ys  ;  end  (m  presenting' n 
it  a  Hat  hoard,  a  luminous  image  woold  b* 
formed,  increasing  in  diameter  with  tba  iB> 
crease  of  distance  from  the  aperture  al  wkiik 
the  ylsne  was  held,  and  which,  by  tatioiudj  !*• 


Inagf  of  TBiioualy.BhapBd  bodies  seen  by  light  Ihua  Bdmitted  thron| 
i«naU  opening  are  alwaya  in  a  reversed  poailion,  in  conaeque 
M  obliquity  or  ■*- '  -'  :■.■.. 


That  (luB  effect  must  tnke  placA  will  ba  leudily  perceived  tram  the 
naeding'  figure,  whioh  sttows  that  the  rays  in  passing  through  the 
Mning  muBtcroastacbotiieri  and  thus  raja  coining  from  the  superior 
IttB  erf  objaota,  impinge  on  tlie  relBtiualy  inferior  portion  of  the  plane, 
id  Ibose  from  the  higher  parts  strike  on  that  portion  of  the  plane  below 
iS  otbei  rays;  the  spectra  or  iuinges  produced  muBt  consequently  be 
ireited.  It  is  stM«d  abore  that  the  dimensions  of  the  images  thus 
rmed  decreaao  in  proportion  to  the  diatnnce  from  the  opening  at 
ineh  tbey  are  aituuled.  Tliua  if  the  plane  on  whirh  the  image  of  su 
t  ia  receired,  be  placed  at  exacll;  (l^e  same  distance  baibre  iIjh 
nie,  SB  the  objeet  stands  behind  it,  the  size  of  the  image  vill  coin- 
with  that  of  the  object,  for  the  pencils  of  rays  on  either  iiiilv 
i  be  alike.  If,  honever,  the  plane  be  remoced  nearer  the  aper- 
n>  tbiD  before  by  one-half,  the  image  will  be  but  one-fourth  of  the 
H^the  former;  at  one-third  the  distance,  its  siie  would  be  onv- 
iadl ;  ■!  une-tourth  the  distance,  one-six tetuith  ;  the  ditainutiaii 
' '  place  in  the  ratio  of  the  squares  of  the  diatancea  of  the  plane 
n  the  iipctlure.  The  inteuuty  of  liglit  diminisbea  in  t)ie  aeme 
jportion  as  Ihe  diatnnce  incruaseB^  ihia  aup^aa  n  fwA^e  ' 
ICMJ  Ml  tbe  distance  of  one  yard  f/om  the  (ace  ut  &  i\ii  utt-"' 
J^it  throtra  on  it  may  be  ropreBented  by  tiie  (ul«i\»«  '^  ■ 


be  removed  bacli  to  iwo  yaida,  the  l^bt  will  b«  but  J  bb  much  m 
before;  al  3 yards  g.  at  4  j'Brds  J,,  U  5  yards  ,',,  at  S5  ytidt  ^^  Thi» 
reduclioa  of  light,  in  proporttoato  the  dislanct  of  the  luminous  body. 


ry  eflect  of  the  divergence  and  cooBequeat  disperi 
lencil;  and  hence  it  mar  readily  be  coTuwived,  tnu  an 
b  light  can  otdy  he  vtaible  at  a  comparatively  trifling  dia- 


n  rendering 

must  be  limited  to  a  much  shorter  diatance  than  the  extreme  point  ■( 
wliich  its  light  will  be  perceptible. 

The  appareDt  aiie  of  all  Tiaibte  objeota  ia  to  b«  explained  an  the 
aame  principles  with  (hose  tbat  govern  the  formation  of  imagea hy  light 
tratismilled  through  an  aperture,  as  juat  degcribed.  When  we  lake  • 
view  of  an  iUnminated  body  itH  image  becomes  traced  in  alindon-.  Bi- 
ll ibiting,  however,  itB  proper  coloura  on  the  retina,  a  nervous  membmi 
that  linei  the  interior  autface  of  the  eye.  A  more  partitulav  descrip- 
tion of  the  structure  and  apparent  uaea  of  the  different  parts  of  ilw 
orean  of  vision  will  he  introduced  after  the  nature  and  cause*  of  Iha 
re^ctionof  light  have  been  explained  ;  but  rbe  relation  between  viaible 
images  of  ob}ects  and  the  angular  distances  of  the  objects  themarivn 
may  liere  be  concisely  pointed  out.  From  what  has  been  previon^ 
stated  concerning  the  diminution  of  the  light  of  a  pencil  of  rays  in  pny 
portion  to  tbe  diatances  of  the  point  whence  ti^ey  diverge,  it  inaai  b* 
evident  that  the  nearer  to  the  eye  any  object  may  be  placed,  so  auMk 
more  numerous  will  be  the  rays  of  light  paasing-  trom  it  whicb  can  Hi 
upon  the  eye  ao  as  Inform  the  image  ou  the  retina.  The  number  of  Ab 
raya  indeed  will  increase  or  decrease  aa  the  sijuures  of  tbe  distanciaiiDf 
objects,  after  the  manner  already  described.  This,  however,  is  to  ba 
understood  as  Ihe  law  (hot  regulates  the  propsgaiion  of  light  timflf 
and  indepcndenily  of  the  medium  it  traverses  ,  for  air,  the  miMt  trMM- 
parent  of  bodies,  interrupts  in  some  degree  the  pasasge  of  light  timH^ 
it,  aa  elsewhere  observed;  and  therefore  the  apparent  dimengJOH  tf 
ubjectB  must  he  considerably  indnenced  by  the  oature  of  the  medil* 
tlirODgb  which  Ibey  are  beheld.'  The  angle  formed  by  the  croasiDg  (f 
the  rays  of  li^ht  passing  from  the  opposite  extremities  of  a  via*^^  '^ 
jeot  is  calted^lhe  angle  of  vision.      Now  that  angle  will  be  r( 


(ubsequcnt  part 


1  0\\B  Uwfta;,  itvMium  \<i 


Ibereirfji^ 
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•«rr  contTBCted  v-hsu  ^the  radiating  lines  are  emitted  from  on  objee 
•iti«mel^  miniite,  or  from  one  placed  ut  a  ^reat  distanoe.  Thus  tliere 
■K  inaectB  too  small  to  be  vieible  to  ttie  nalEed  eja  uvea  when  bioughl 
nnaartoitua  possible  ;  nnd  some  objects  of  immenao  aize,  astha  Giud 
Mus,  each  of  wbii;li  pmbablj  ia  many  Ihotisand  times  largei  than  Ibe 
nrth,  appesr  us  mere  piunta  from  Ihe  remote  situations  tbey  occupy ; 
wMte  thero  are  doubtleaa  multitudes  of  other  stars  yet  more  remote, 
flid  therefore  quite  iuvisible,  everi  when  the  heavens  are  aurreyed 
tbnmgh  the  best  telescopes.  Unless  llie  ancile  of  vision  lie  more  than 
Me  WCOnd  of  a  degree,  the  object  vlieiice  the  raja  proceed  n-iU  not 
fe  Tiaible,  irilhont  it  be  very  atraug'ly  illuminated. 

Tbsrelocity  of  light  ia  so  great  diat  it  iraa  long  supposed  to  pass  in - 
^"^'Moaaly  through  any  given  space  ;  and  tbougfa  it  boa  been  ascer- 
that  it  occupies  a  certain  time  in  its  paasoge  proportioued  to  the 
wunnces  traveised,  yet  so  rapid  is  its  appaient  moiiou,  that  in  observ- 
fdg  the  eSect  of  light  at  places  a  few  miles  distant  from  each  otheF  the 
WAa  need  not  be  taken  into  the  account.  The  rate  at  irhich  light  is 
ptoHgated  was  discovered  by  Ulaua  Uoemer,  in  malting  observalions 
an  thaeclipaesoftbe  satellites  of  Jupiter.  If  the  traDSminslou  of  light 
wen  iDStantnneous,  it  must  be  obvious  that  t)ie  reflected  tight  of  the 
'Wn  would  lalfe  up  no  more  time  to  pausing  ftom  any  one  of  the  pla- 
SMkTj  bodies  to  the  eartli,  when  they  are  fardiest  from  us,  than  it  doea 
irbOD tbey  are  nearest;  audas  the  aituatian  of  tbe  earth  with  respect  (o 
"^  -|  Mber  planets  is  ditferent  in  different  parts  of  her  orbit,  (he  saCel- 
m  of  Jupiter,  on  emerging  from  the  ahadow  of  that  planet,  would  be 
m  »•  quickly  when  the  earth  was  in  one  part  of  her  orbit  as  in  ana- 
t.  But  this  is  by  no  maaos  the  case ;  and  the  effect  of  the  trons- 
■ion  of  tifht  ia  sucb,  that  when  the  earth  is  between  Jupiter  and 
I  ann,  the  lalellitss,  after  being  eclipsed,  are  perceived  rather  more 
,  a  aiglit  miautea  Booner  than  they  ought  to  appear  ercording  to  the 
llinww  calculated  by  tbe  moat  accurate  tables  ;  and  when  the  earth  is 
la  tile  opposite  part  of  her  orbit,  lo  that  the  snn  is  between  ihia  planet 
"id  Jopiler,  the  satellites  emerge  about  eight  minutes  later  than  tho 


Iftdenl 
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Id  the  Dmeled  diagnM,  latSMfMaMtb 
mo,  A  tod  B  dw  eulb  ia  diflBBt  ^an  tf  ha 
orbit.  J,  Jnpiler.D,  hir  ■fiiai  ^dilii  wMt 
ing  Ibe  shadow  of  dut  plai  1 1.  •»)]  C,  lb*  ^M 
mtellitu,  fmiei^iBg  fins  tbe  shadow.  Na«lhi 
time  of  tba  covma 
LQ  eclipse  of  the  n 
:ul>doii  in  Ublea,  i 

satellite  would  appear  to  enter  oi  _ 

the  ahadow,  if  it  could  bo  secia  by  bo  otHBTW 
from  tbe  lun ;  sod  it  is  round  froin  ivfUtti 
obserratioD.  ibu  ibe  eclipse  takes  plwM  abM 
8  miDutes  earlier  than  the  calcitlsted  ptnoA 
whea  the  earth  ia  in  the  nearest  pan  of  ta 
orbit,  a»  el  A,  and  B  minutes  latet  wbeniiicti 
in  the  opposite  part  uf  her  orbit,  as  at  B. 
Hence  it  will  be  sppareat  that  light  takes  tf 
a  mill utes  in  passing  through  a  spaceMgalU 
half  the  diameter  of  the  earth's  orbit,  er  da 
diatance  between  the  earth  and  the  ma,  irfucb 
ia  ninety  live  miltioas  of  mi)e«;  eo  that  il 
maTes  at  the  rate  of  95,OO0.UO0  -~  S  X  <''' 
=  197,916,  nearly  *00,000  iniJes  in  one  aecond, 

I'he  aberrBtion  of  the  fixed  stars  nlao  shows  with  what  speed  liglilii 
propngated;  Dr,  Bradley  having  ascertained  that  this  phenomeiMW  de- 
pends oa  the  motinn  of  tba  earth  in  her  orbit,  in  connexinn  with  the  nt*' 
city  of  ligbt.  The  effect  thua  produced  on  the  apparent  places  of  the  Siad 
■tara  at  dilTBrent  times,  termed  aberration,  is  familiarly  eiplained  br 
Profeaaor  Robiaon.  He  obseries,  that  if  hailstones  were  faUing  pw> 
pendicularly,  tbey  woald  pass  freely  through  a  tube  held  ateodily  a  a 
vertical  position  :  but  if  the  tube  were  mored  round  in  a  circle  wtiil* 
the  faailatones  were  falling,  tbey  would  impinge  against  its  aide,  «B- 
les*  the  tuba  were  inelineiT  forward,  at  an  angle  of  45  d*g.,  aopposlng 
the  Tslocily  with  which  the  tube  was  moved  was  equal  to  that  ol  the 
faUincbail.  "  In  the  very  same  manner,  if  the  earth  be  at  rest,  and  mi 
tcoiild  view  a  star  neat  liiti  \icJie  pS  fee  otVii^,  iho  telescope  must  li* 
pointed  directly  at  the  B^ai.    ^i*-  "^^  *«  BM*''«a«i-wt™o.-twW.-il» 


.  lintod  a  linla  forward,  (hat  the  light  may 
some  aloug  the  uU  of  the  tuba.     The  proportion  of  the  Telocity  of 
li^bt  to  the  suppoaed  velocity  of  thH  esnh  in  her  orbit  ia  nesil  v  that  of 
10.000  to  1 :  therefore  (hs  telescope  must  lean  aboot  30  sec.  forward. 
Half  a  year  after  thie,  let  the  aamc  star  he  viewed  again.     The  tele- 
scope Dtun  again  be  pointed  10  sec.  ahead  of  tho  true  position  of  the 
star:  but  tLia  is  in  the  opposite  direction  to  the  former  deviation  of  the 
telescope ;  because  the  eaith,  being  aow  in  the  opposite  part  of  her 
orbit,  is  moving  the  other  way.   Therefore  the  position  of  the  star  mmt 
M^ear  to  bave  changed  40  sea.  in  the  six  moolhs.    It  is  eaay  to  show 
that  the  cooaequence  of  this  is,  that  every  star  muat  appear  to  have 
40  sec.  more  longitude  when  it  is  on  our  meridiaii  at  midnight  than 
)rbeii  it  is  on  the  weTidian  at  mid-day.     The  elfect  of  this  composition 
-of  motioiia  which  is  most  susceptible  of  accurate  eiamiuBtion  is  the 
feUoiriilg.  Let  the  declination  of  some  star  near  the  pole  of  the  ecliptic 
}e  oboerved  at  tlie  lime  of  the  eqainoies.    It  will  be  found  to  have 
I  M  MC  more  declination  in  the  aalumnel  than  in  the  vemal  e^ninoi, 
kir  ^  obserreT  be  in  the  latitude  of  G6  deg.  SO  min.;  and  not  mnch 
V^Hsif  hebeiu  the  latitude  of  I.ondon.     Alw)  every  afar  in  the  heavens 
I  (bolild  appear  to  desuribe  a  little  ellipse,  whose  longer  axis  is  10  sec."* 
Ae  the  total  absenoe  or  privation  of  iighl  produces  darknesii,  so  Ilie 
~~   ''■!  defect  of  light  occasions  shade;  and  when  any  opaque  body  in- 
pts  the  pBisage  of  the  raya  of  light,  the  figure  of  that  body,  or  its 
le  snrnHJuding  a  dark  area,  will  be  formed  on  any  plane  surface 
id  the  opaque  body,  constituting  its  shadow.     The  depth  or  darlt- 
of  flio  shadow  is  always  in  direct  proportion  to  tiie  intanaity  of 
light;  and  if  an  opaque  body  be  illuminated  by  several  lights  at 
S.  differently  aitnatod.  aa  many  shadows  will  be  formed  as  there  are 
' — nsent ;  as  may  be  observed  with  respect  la  any  object  in  a 
here  two  or  more  candles  are  burning.     If  (be  luminous  body 
tr  than  the  opaque  body  that  to  tercept^  its  rays,  the  shadow  will 
le  figure  of  a  pyramid  the  base  of  which  will  ha  equal  to  the  sur- 
le  of  the  opaque  body,  and  its  exteot  will  depend  on  the  distance  at 
a  lununoui  body  is  situated  from  that  which  intercepts  its 


Tlius  in  Ihe  preceding  ditigraiin, 


ippoae  S  to  reprwBDt  lie  aa>,  V 
E  the  earth ;  th«a  if  Ihe  two  planets  were  of 
EH,  I  HuuB  uemg  nearer  than  the  earth  to  the  sun  would  cast  a 
;auicBl  shadow  tban  our  planet. 

be  faniit>d  hy  an  opaque  body  of  exactly  the  same 
with    the   luminous  body  whoao  raja  it  interrupta,   the 


shadow  will  he  a  cylinder  of  un  at«a  equal  to  that  of  tbe  two  bodi 
and  eitending  infinitelj  in  length.      Hut  if  Ihe  luminous  bodj 


ill  be  a 


divergent,  and  (be  Hbadow  formed  will  increue  i 
portiou  to  the  distance  between  the  two  bodies. 


le  dimpQSHmB 
■n  rajs  will  be 


This  will  runber  appeal  from  cousideriiig  (be  relative  dimen 
the  aame  figure  when  the  shadow  is  thrown  on  a  plane  surftuM 
fenmt  diatsucea  from  tlie  source  of  light.  Thus  let  A  be  an  obji 
minated  by  the  lif[hl  nf  a  candle,  and  B,  C,  □,  E,  be  - 
acreenSiB'being'tbfl  nearest,  sod  £  the  moat  distant ;  Ihi 
fore,  will  bare  die  smallest  sbadow,  and  the  latter  the  1: 


te 


COLOURED    SHADOWS.  3SS  j 

or  dark  ontlioB  of  an  opaqoe  boili?,  formej  I 
body,  is  slwBjw  ' 
[  OB  it  IB  termed, 
penmnbni.*  Thoa,  in  the  nnileliMl 
diaprani,  let  S  represent  the  aun,  or 
aaj  other  source  of  ligbl,  and  A  B 
any  opaque  body,  the  true  or  pronet 
ahadow  of  which,  on  the  plane  M  N, 
will  be  terminated  by  the  tangBnlial 
Une  C  A  F,  aud  the  space  B  A  F 
will  be  entirely  Ehaded ;  but  the 
penambra  will  extend  from  F  to  1. 
including  the  apace  F  A  I,  which 
will  be  partially  enligbti!aed.  the 
jfaade  gradually  diminishing  aa  it  recedes  from  F  towuils  1,  where 
A  will  be  terminated  by  the  second  tangent  E  A  I. 
L  An  eclipse  of  the  sun  being  occaBioned  by  the  interpoaitian  of  thn 

' lebody  of  the  moon  between  the  eartli  snd  the  aun,  the  proper 

iw  will  bo  u  frustum  of  o  cone  convereinR  from  the  moon  to- 
■nrds  the  earth,  and  tbera  wi 
<n>iuidiiig  the  fanner.    Thia  ia 


iepraseDta  the  aun,  M  the  moon,  and  L  the  earth ;  the  dark  s,  . 
.fhnoleil  by  the  inner  couicU  shadow,  beyoad  which,  an  eitfaei  • 
jlKtenda  tbe  peuambn. 

•  Shadows  (re  in  general  regarded  aa  beine  perfectly  black,  sg  Iha^  I 
DBTtainly  muat  be  where  the  light  of  a  luminous  body  ia  completdv  I 
l^hided  by  an  opaque  body  placed  before  it.  But  •bndowa.  as  tlu^  J 
Cnnniiuily  appear,  are  found  to  vary  in  colour  as  well  as  intenaily,  t»  I 
^Kding  to  cucumatanaea.     Tbui,  the  ahadows  produced  by  the  r-~ 


•  From  Ibc  Li 


a  penn,  almoat. 


»  diS^reDt  hours  of  the  day,  sail  tboie  ciaged  hy  differant  aorU  of 
light,  if  attentiielveiamineJ,  will  be  peroeived  to  coaabc  of  grean, 
blue,  violet,  OF  nHl  tiau,  maro  or  leas  sullied  by  black. 

The  fi^pire  of  the  enliKblened  part  of  un  opaque  body,  leen  by  iDeans 
of  a  liied  light,  dopeuds  OQ  the  relnliie  positian  of  the  light  and  of 
the  observar. 

Let  L,  in  the  margiaal 
figure,  be  the  plnce  of 
the  luminoua  point,  and 
O  the  situation  c^  the 
obsurrer ;  then,  an 
opaque  apbflre  placed 
B[  A  would  not  appear 
at  all  enlightened;  at 
B,  the  enlighteaed  por- 
tioD  of  the  spbere  would 
assume     the     fonn     of 

would  be  m  aami* 
circle ;  and  at  E  tba  circle 
'ould  be  repeated,  but  in  in. 

'    1  K 

,A.  The£  ■  '  '  --_  -  -  .  ■'  -  ' 
is  deteimined  by  the  tangents  drawn  iironi  the  email  s_ 
points  L  and  O  :  thus  a  b  marke  the  enlightened  part  which  is  viaiUe 
of  the  sphere  D.  This  diuTam  and  deacription  will  serve  to  explain 
the  phases  of  the  mooo,  or  herTarious  appearances,  as  enlightened  by 
the  aun,  and  viewed  tioni  the  eartb  in  different  parts  of  her  orbit. 
That  satellite  being  inriaiblo  at  the  obange,  or  new  moon,  as  at  A; 
and  afterwarda  exhibiting  more  and  more  of  her  surlnce  till  it  beeomei 
a  coin]ileIe  circular  disk,  or  full  moon,  us  at  E;  after  which  thewuiinE' 
moon  travels  on  to  A,  whence  a  fresh  succeasioo  of  changes  laliet 


CAT0PTKIC8. 


Besiueb  the  general  effect  of  ligbt  in  rendering  visible  alt  ohjects 
ivjthiD  the  influence  of  the  rays  extending  from  Inminous  bodidi  to 


or  LioHT.  36. 

tbosa  aroDiid  tbem,  there  are  peculiar  phenomi?DB  which  lake  plac 
vh«D  the  rajfl  are  thrown  on  suhstaDcea  pTeaentiag  very  hright  c 
Hnoothly-polialiad  Boriaceg.  For  in  such  cases,  if  the  snifacea  are  ver 
biehly  poUehed,  they  aie  no  longer  visible  when  thus  illuminated,  bi 
•^libit  perfect  pictures  of  any  objecta  placed  in  liani  of  them,  that  ii 
between  the  light  asd  the  poliahed  surfave.  The  effect  just  deacrihe 
IB  one  with  whi«h  all  adult  persona  in  civilized  cauotries  are  so  fam 
Barly  acquainted,  in  consequence  of  the  gen 
-in^-glaa.—  .'   -   ■ 


ander  or  obserration  ;  hut  brute 


ui  a  mirror,  must  aupifflse  it  to 
.  exhibition  on  a  ganie-cock  has 
children  may  be  thus  deceived 
inded  that 


Aown  bia  tace 


ffDold  by  DO  mrans  be  induced  to  approach  again  either  the  ^ 
arnica',  conceiving  that  the  indiiiduul  cho  could  take  hit  Ii 


tbeybehi 

■- '  -'-)ect.     The  effect  nf  and 

loticed,  and  that  brutes 
Aaj  easily  be  admitted  ;  but  it  might  he  apprehended  that  a  aavage 
mold  hardly  be  ignorant  of  the  effect  of  li^ht  on  the  smooth  surface  of 
dear  water,  and  that  he  would  therefore  view  without  aurprise  his  own 
ibnig*  in  n  looking-^aai.  This,  hoireTei,  ia  not  aliniya  the  case ;  and 
'eller  relates  an  amusing  story  of  a  savage,  who,  on  being 
poctet  glass,  betame  eicessively  alonned,  and 

—J — A  .„ ^ajii  [(gain  either  the  glass  or  its 

rho  could  lake  hit  likenea,  by 
neans  of  his  mystfrious  machine,  might  perhaps  appropriate  his  proper 
person,  and  heep  him  or  sell  Lim  for  a  slave. 

fSeot  of  light  in  producing  images  of  bodies  in  their  proper  places, 
md  also  the  indirect  effect  of  light  in  fomiiag,  by  means  of  polished 
Mnftoea,  images  of  bodies  in  some  place  or  places  different  from  that 
irbere  they  appear  by  direct  light.  The  latter  kiad  of  reflection  alone, 
■M  that  caused  by  varionsly-formed  mirrora,  or  mora  or  leas  perfectly- 
pidiahed  lurfaces,  oonatitulea  the  aubjeal  of  tbat  branch  of  acience 
^Uled  CntoptriCB.'  Reflecting  surfaces  may  form  im^es  the  apparent 
■iuiation  of  which  will  be  mora  distant  from  the  observer  than  the  sur- 
hce  or  mirror  itaelf,  as  happens  in  the  case  of  commoa  looking-glasses, 
or  convex  mirrnrs  ;  or  the  images  may  be  formed  between  the  eye  of 
tfe  observer  and  the  reflecting  aurnce,  and  may  therefore  appear  in 

From  the  Qie^  Kdroirrisov,  a 
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lued.     Odier  singular  effect 

or  cooicBt  mirrorfl,  or  hy  various  arron^D 

eombioationB  of  Ihem  with  otbBr  optical  glas 

ReflectiiHi  from  Plum  Surfaca. 
Savi  of  light  are  transmitted  scRording  to  the  eame  laws  tbnt  ragu* 
late  the  rootiona  of  perfect];  elaatic  aolida ;  tor  it  ray  impiagiug  on  i 
reflecting  aurfate  trill  ba  relnrned  or  reBected  in  audi  a  manner  tlut 
tbe  angle  of  incidence  bIikU  be  exactly  equal  to  the  angle  of  ruflnctian.* 
HeDce  if  u  ray  of  light  falls  boritontallv  on  a  plane  Diirror  held  vecOr 
callif,  itwill  bo  reflected  in  the  sama  right  line;  but  if  it  fslla  uhliquelj. 
it  will  be  reflected  with  the  EUtne  dugiee  of  obliquity  ;  that  is,  tbs  n- 
turning  line  and  the  line  of  iacidenoe  will  form  ebuilar  angles  wi^t 
perpendicular  drawn  between  them,  Tbis  toMf 
be  abuwn  by  admitting  through  a  amsll  aper- 
ture, into  a  dark  chamber,  a  raj  of  light,  and 
receiim^  it  on  a  metallic  mirror,  A  11  pr  it  &U 
□bUquely  in  the  direction  C  D.  it  will  ha  re- 
\     I  fleeted  in  the  line  D  E,  and  will  form  a  luciil 

\  spot  at  E  on  a  plane  properly  placed  to  mtwt  IL 

, ^L ,     Smce  all  rajS  falling  op  a  raflecting  sitttfca 

*"'"""" "— 1-^— "■'■'■™   relatively  preserve,  >Aer  reflection,  cUtuctioni 

corresponding  with  those  thcv  had  previoualf ,  dwrofbru  a  ray  fell- 
ing on  a  mirror  pargiandicularl^  would  be  reflected  on  itself,  and  cott- 
sequetitiv  lould  produce  no  lucid  image. 

j^  I  be  relative  poaitiou  of  the  image  of  an 

'  object  us  seen  in  a  reflecting  plane  will  bs 

J^&  ^%  Hucb  that  every  part  of  tbe  image  will  ap' 

W          '^^  pear  as  far  behind  the  plane  as  the  objait 

f              V  itself  is    before    it.     Let  A  B  repreaeol  » 

/               \  plane  mirror,  and  E  F  any  object,  aa  au  ar- 

/                  \  row  1  then  draw,  &om  (he  pobls  E  and  F. 

/                      \  the  perpendiculars  EG  and  i'  H  to  the  s>u- 

>/  A,       face  of  the  mirror,  end  produce  those  "tm 

■Ir ^ 3f     lo  «  and/,  so  that  EG  shall  be  equal  (U^^ 

1 


and/,  aothal 
FH  W/H,  0 


«  equal  I 


•  Sec  lYcatisE  on  ^ccAon 


die  image,  wbioh  will  be  exactly  Hqntil  to  t 
nterel  Bgure  G  s/  U  wiU  be  eqaal  to  tliu  quBilrangle  G  E  F  H.  Frum 
I  of  this  figure  it  will  be  perceived,  that  tbe  thjb  of  light  pro- 
BBuing  If  om  tbat  part  of  tbe  object  nearest  to  tbe  surfnce  of  tbe  mirror 
dll  be  reflected  so  as  Co  form  tbe  part  of  tlie  ima^  aeartst  to  tbe  pluie 
f  tbe  mirror  in  tbe  opposite  direction.  Hence  when  trees  or  buildiogs, 
I  (oy  otber  objects,  are  reflected  from  nn  horiiontal  plane,  aa  tbe  sur- 
KM  of  a  pond  or  a  amootb  atream  of  water,  tbey  will  appear  ip  verted  ; 
BT  their  lower  parts  being  Dearest  to  tbe  reflecting  surface  are  seen 
nmediatelj  witJiin  it,  wbile  their  tops  sEem  to  bang  downwards,  or  to 
Utead  deeper  beyond  the  surface. 

V  When  a  mirror,  C,  in  the  annexed  figure, 
'^  is  inclined  jbrwnrd  at  an  angle  of  45  deg..  an 
object,  A  B,  if  placed  in  a  vertical  poaitioD, 
wdl  form  an  boriiontal  image  a  b  .-  anil  if  |he 
position  of  tbe  object  be  borizontal,  that  of  tbe 
image  will  be  vertical. 

A  person  standing  before  a  plam 


wiUn< 


ceiie  tbe  image  of  his  nhole  person,  if  the 
fcogtb  of  tbe  mirror  be  lesa  than  half  bis  height,  i3ut  if  the  upper 
"part  of  tbe  mirror  be  inclined  forward,  more  of  tbe  image  wiU  become 
'Viaible,  in  pioporCioD  to  tbe  dimensions  of  tbe  mirror,  dian  when  it  te 
placed  rertioaUy ;  and  hence  a  jiersau  may  view  bimself  from  head  to 
not  in  a  looking-glass  of  a  moderate  size,  by  giving  it  a  dae  degree  of 
It  then  tbe  image  as  well  as  the  mirror  will  appear  in  an 
piiAbliqQe  position. 

*"  Any  one  looWng  into  a  fiied  mirror,  and  at  the  same  time  stepping 
Ifciiiiinuilii  or  adisnciog  forwards,  would  perceive  bis  image  also  re- 
t  approach,  but  with  douhle  the  velocitv  of  the  actual  motion. 
"Thia  will  ba  understood  by  recurring  to  what  baa  been  stated  relative 
■iD  the  angle  under  which  die  image  is  perceived. 

Ember  of  images  maybe  formed  and  peouliorefiects  produced  by 
of  two  mirrors,  either  inclined  or  parallel,  and  opposite  to  each 
■Mber,  for  the  image  of  an  object  which  is  delineated  bebind  one  minoLj 
~  j9  serve  as  an  object  to  be  reflected  f cooi  i.\wuiA>£,b  u^  vp^9 


s  M'  N' ;  and  in  the  bg 
ner  the  iraaf;e  fbnned  bj  the  reSaction  of  the  first  imkg^  ta  n  in  ft  C 
Will  be  M'  N".  while  the  imaga  of  M'  N'  in  o  C  irill  be  «,'«-.  It  wiU 
further  nppnar  that  ni"n"iBlhBiiii^eof  bothM"N"  in  Ibe  mirror  ft' T. 
and  of  in'ii'  in  Che  mirror  a' C,  one  of  the  imngea  cnTSiing  the  olber,  xl 
the  angle  A  C  B  be  60  i!egre«a,  or  the  sixth  pnrt  of  a  circle,  aa  ip.  tbr 
dingrani  -,  but.  if  tbe  dd^Ib  beany  greater  or  leas,  the  image  in''Ti''wiU 


be  twofold  ;  thai  IB,  the  two  imng 

principle  18  formed  fl: 


willni 


IBCtlj-  c 


icide.  On  tbia 


n  infinite  variety  of  nrran^meDU 


placed  opporite  and  pamllal  to  each  other,  an 
aagea  will  he  perceived,  becoming  more  sad 
by  repeated  refiection,  till  at  ladt  they  vsni^  in  oh- 


nf  beauliful 

UAn 
indehnile  mulliludc 

.nurily. 

'    D  mirrora  nre  niea  on  OBDOB _ 

laoflhero 

built  by  Alderman  beckford,  was  walnaeated,  oa  it  were,  n-ith  uarrott 
of  plate  glaaa  ;  and  thug  it  presented  to  the  apeciator  an  intenniottblf 
Tiats  an  every  side,  filled  with  a  aeamiagly  jafinite  mnlliplioi^  of 
objects. 

Common  mirrors  are  formed  of  glaaa,  to  th»  back  of  vbicb  is  M- 
tached  an  Bmalgara  or  mixture  of  tin  and  quicksilver,  wliicb  adheriog 


ATMOSPHERIC    REFLECTION. 

tfae  glasfl  forma  a  smoDtb  pc 
the  rays  of  iigiit  which  imninge  o 
OK  any  other  kind  of  mitroi.  The  prlDcipal  TsSectiag  surface  in 
i  oue  ii  thnt  where  the  metBllio  coTering  joins  the  buck  part  of  the 
> ;  and  the  image  there  formed  uader  ordmsiy  circumstaocei  is  M 
(lit  and  distinct  as  to  prevent  any  other  (rnm  ^ing  perceived.  If, 
rerm,  R  lighted  candle  be  held  before  a  glass  mirror,  ao  that  its  raym 
r  fall  on  the  glass  obliquely,  several  images  may  be  perceived  )  as  i 
It  one  at  the  outer  sarfsce,  aoother  much  more  intense  jast  hebiad 
former,  and  several  others  gmdaally  receding,  and  becoming  ^nler 
i  fbintet,  till  they  TDoish  in  the  distance.  The  Grst  faint  imace  is 
ned  by  reBecIioii  from  the  outer  surface  of  the  glass,  the  second,  or 
iciple  image,  at  the  surface  of  the  amalgam,  aad  the  otbers  by  re- 
tion  within  the  glass.  These  interfering  seooadarj  images,  though 
to  importSDceio  a  oommon  mirror,  would  produce  confusion  iaiaora 
leata  optical  instruments,  such  as  the  reflecting  telescope,  the  mir- 
of  nMchthBceforeBrecoDstracted  entirely  ofpolieliednietHl,  which 

onlj  oue  reflecting  surface,  affords  a  single  i 
Ireoalural  pi  ..,.,» 

most  important  1 
«bjcctB  would  be  vi 
lu^t  fidl  ina  di 
I  the  inya  of  light  falhng  on  the  particles  which  compoae  the  atnio> 
are  are  thence  reflected  in  every  direction,  and  thus  daylight  it 
laced  even  when  the  whole  visible  bemisphere  is  covered  witb 
ids,  and  the  flice  of  the  sua  is  hidden  iroin  our  view.  But  ibr  ra- 
tion, all  opaque  bodies  would  cast  perfectly  dark  shadows  ;  and  oa 
tiiur  our  backs  to  the  son  the  objects  belbre  us  would  he  involved 
hfl  deepest  obscurity. 

ome  of  tbe  loss  usuu!  phenomena  depending  oa  atmospheric  reflec' 
L  ire  extremely  curious,  as  tbat  called  the  Mirage,  and  a  variety  of 
d  apactTS  of  an  aoalogous  kind.  The  mirage  is  generally  perceived 
Wady  plsins  in  bot  climates,  as  in  Egypt  and  in  South  America ; 
it  Jim  been  often  described  by  Iravellerd.  In  the  middle  uf  the 
,  when  the  suu  shines  on  the  level  surface  of  the  sand,  Che  appeai- 
sof  a  abeet  of  water  is  observed  at  the  seaming  distance  of  about  s 
riat  of  a  mile  1  the  deception  being  so  complete,  that  any  person  un 
with  its  cause  would  inevitably  suppose  ho  was  spproachini 


I 
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a  lake  or  river.  Like  real  water,  ibe  spectral  lake  reflects  ohjKU 
■louDil,  90  thut  houMs,  trens,  bdiI  snimala,  ore  perceived  with  iIm  uI- 
mual  distinctnesB  in  this  aingulBr  mirror.  Ah  the  obserTBr  adunco, 
tbe  viBioaBT;  stmin  reaeilra,  aiill  keeping  at  the  eame  appareol  ili>> 
tanoe,  but  with  chaoges  of  acDue,  by  the  diaappearance  o(  aoipa  iot 
beheld,  and  the  formation  of  new  onea  from  other  abjecla,  as  tbej  (U- 
ceiaively  become  liable  torefleclion.  Tbe  French  pbiluaopberlUoiig*, 
-vho  witnessed  tbts  pbeiiomenoa  in  Egypt,  publialied  a  saiiEbelsn 
eipluiatiDa  of  it  in  (he  Grst  Tolume  of  tbe  Dicade  EgifpUtnai;  n 
about  the  same  time  a  aimiUr  exposition  of  the  cauae  ofit  wacffimlf 
Dc.  Wollaaton.intbBPhiloaopiiiciilTransaclionHfor  iBOl).  Ilnlittt 
also  produced  an  artificial  mirage  in  the  heated  air  orer  a  maai  of  redJnl 
iron ;  and  he  obaerved  the  same  appearance  in  bodies  seen  acrm  Q* 
aurfiii'es  of  two  differently  reflecting  fluida  placed  one  abore  tin  OlW 
in  a  transparent  vesael.  He  thus  accounte  for  the  phenomenon:  II 
the  middle  a(  tbe  day,  the  sandir  aoil  becoming  very  hot,  tlie  Unbmrf 
■ir  in  cQolact  with  J1  ac()uirea  a  very  elevated  temperature,  and  buM 
beiug  dilated  ita  density  ia  found  inferior  to  that  of  llii  iiliiili  iiiiM 
diately  above  it,  and  llie  luminoua  rnya  which  fall  on  tbis  dilated  il» 
turn,  at  an  angle  comprited  within  a  certain  limit  of  90  deKr«e(i,«r«iM- 
fiected  at  ita  surface  as  from  amirror  ;  and  they  convey  to  Uie  en  of  A* 
obaucver  tiie  reveraed  image  of  tbe  lower  parts  of  the  sky,  wtaiii£  n 
then  seen  on  the  prolongatipu  of  the  raj  received,  and  conuqwal^ 
appear  beEow  the  real  horizon.  In  thia  caae.  if  nothing  correct  ik 
error,  the  limita  of  tbe  bnriwn  will  appear  lower  and  nearer  tfauAn 
really  are.  tf  any  objects,  as  villages,  trees,  or  the  like,  render  it  an- 
dent  to  tbe  observer  that  Ibe  limits  of  tbe  horizon  are  more  remote.  ibJ 
that  the  skyia  not  so  low  aait  seema.tbereBected  image  of  theskywiB 
appear  to  fttm  a  reflecting  plane  of  water.  The  villages  and  the  Ij»(i 
will  emit  rays  which  will  be  reflected  just  as  taya  would  bare  bM 
coming  from  the  part  of  the  sky  intercepted  by  them.  And  these  itff 
Trill  produce  B  reversed  im^-e  below  Uie  objecu  seen  by  direct  ii^fc 
The  limit  at  which  the  luminoua  rays  beg:in  to  be  reflected  being  e«» 
n(,  and  tbe  raja  that  form  Ihelargeat  angle  wiib  the  horiion  appear- 
le  h-om  the  point  nearest  to  the  spot  where  tbe  phrnomaniB 

.    1.  this  point  mudtbeataconatant  distance  from  the  obaentT' 

bence  if  be  advances,  the  border  of  tbe  lake  will  seem  to  rs««d*,  m 
•ClusJJy  hi 
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K.  Jorine  and  Soret,  in  Seplember,  1818,  observed  on  the  lake  of 
n,  B  phenomeDon  unalogous  to  the  mirsge,  but  whtcfa,  instead  of 
icBiued  bj  horizoDtuI  reUectiau,  was  produced  laterally  bj  the 
■MeiolempBralnrB  and  density  of  vertical  Btralaof  air  on  ibegides 
DitaiBBiWbicb  border  on  the  lake  where  [lie  pbenomenon  occurred,' 
ifte  meteorologiaal  pbenoioena,  ceiled  pursselinet  and  parbelion,] 
I  to  be  produced  bj  roSectioa.  When  the  moon  rises  after  mid- 
hi  consequently  at  a  time  favciurable  to  the  appearance  of  the 
jti^if  the  light  of  the  sun  and  the  clearness  of  (he  almosphereallow 
(MO  to  be  Been  just  as  she  gets  ebore  the  horizon,  two  images  of 
MeHite  may  be  perceived.  The  parbelion  is  sometimes  obserred 
I  but  it  is  a  much  more  rare  phenomeaoQ  ihnn  the  preceding,  de- 
ilg,  however,  on  a  similar  canse.  Among  the  instances  recwdod 
rappearsnce  of  these  mock  suns  may  be  menCioned  the  occurrencfl 
I  solar  images  ahserved  at  Rome  in  March,  1GS9,  one  being  maeh 
[frith  the  colours  of  the  rainbow,  and  the  others  faintly  coloured. 

ivere  seen  by  Caasini,  in  1689;  and  they  have  also  been  noticed 

id,  Scotland,  and  North  America. 

lilar  principles  to  those  which  serve  to  explain  the  mirage  de- 
»uuje  apiiesrancBs  cslled  loomio",  or  the  elevation  of  objects  seen 
[distint  horiion  shove  the  usual  level ;  the  Fata  Morgana,  ob- 
lin  the  Straits  of  Messina  j  and  the  singular  apparitions  of  abipi 
ir  objects  in  the  air  ;  sometimes  in  a  direct  position,  bat  mora 


bitlv  inverted. 
V  rolloniog  Ggut 


ing  figures  are  given  from  drawings  of  DiMiai  spectra,  ob- 
VKT  in  May,  1833.  When  the  real  ship  is  visible,  a  doable 
ly  be  formed,  consisting  of  an  inverted  figure  immediately  over 
.^  Itself,  and  another  figure  in  an  erect  position,  above  the  pre- 
'.  If  there  is  a  single  figure  only,  it  willQSually  be  inverted  witii 
t  to  the  real  shiii  helowit.  Sometimes  adoubleim^e,  or  an  erect 
J-with  one  belo*  it  inverted,  will  appear  when  the  vessel  thus  re- 
ft is  wholly  iniisible,  or  perhaps  its  topmasts  may  be  seen,  while 
ftnaining  parts  are  hidden  by  iheconvexity  of  the  earth's  aurTace. 

f PoaiDet  U^m.  de  PtarsUgueEip.ctdeH^tikindo^c.  Sd.Ed.  1S3S,  T.iv: 


'llie  manDsr  in  which  these  tiad  similar  phenomeim  may  be  auaid 
by  refleolion  mny  be  comprebended  b^  referenco  to  the  uiBlogoiu  elifl 
of iDhericnl minora, subsequeatljQOUced.  ButitiBnrobnblethat,wbu« 
double  iiDH^i^s  of  objects  appear,  the  effect  depeuds  chieSy  on  lber>- 
friction  or  liglit,  oning  to  the  Tnryiitg  densitj'  of  the  atmospbera -,  sid 
the  oircumatuDOee  under  trbich  such  a  state  of  the  air  may  beprodnMii 
"  ilinston.'  Tbenbw 
,.  ,  ia  the  most  rapid,  mi 

leu  on  each  aide  of  this  poiiit,  the  whole  effect  muatbe  similar  to  IbMof 

Id  referenoB  to  the  Fata  MorgnDa,  Dr.T.  Voung  anya,  "It  mnfo 

Juenlly  huppen  in  a  medium  graduaily  Tarjriiig,  that  a  iiumb«i  of  dif> 
jrent  niys  of  light  may  be  inflected  into  aagles  equal  to  the  aog^  of 
incideoce,  HDd  Jo  this  respect  the  effect  reaembies  reSectioa  ralbeiMiH* 
thin  retraction." t 


fUflectinufrom  Conzei  Surfaca, 


^^^^Beaapapei 


EI  Suifaca,  ^^^H 

oovei  mirrot  U  10  pH^^H 
ippoaite  to  It ;  the  aatgtf^^M 

■I  hj  Atmospberical  BmIH^^^H 


EFFECT    OF    COJiVEX    MIRROHB,  8TS 

t  appoaring,  to  the  eye  of  the  observer  in  front,  to  ba  aitutted 
,0T  beMnd  the  mirror.  Thua  the  globalar  bottUa  filled  with 
id  ]t()uida  in  a  chemist's  shop-window  present  in  pleasing  variety 
fyiag  scenery  of  the  street  vritbout;  the  upper  hemtaphere  of 
Mtla  exhibiting  all  the  images  inverted,  while  the  toiver  dis- 
|i  duplicate  of  them  in  an  erect  position.  Hollow  spberea  of 
povoed  on  their  interior  auperGcies  with  an  amalgam  Bimilai  to 
■ed  for  ailvering  loaking- glasses,  are  aometimea  euapmded  in 
lenta,  where  they  present  panoramic  pictures  of  anrrounding  ob- 
«nd  convex  mirrors  are  common  articles  of  ormunental  foniiture, 
i(iDg  analogous  pheaomena. 

I  images  formed  by  reflection  from  a  convex  mirror  must  atwaya 
■ller  than  the  objects  by  which   they  are  produced,  becHuM  the 

-■^--'-  '- —  -'    -   ^- 'a  their  passage  to  the  aye 

It  A  B  represent  a  convex 
mirror,  the  eegment  of  a 
sphere,  whose  radius  is  the 
lineGCi  and  therefore  tbe 
point  G  will  he  the  centre 
I  of  the  sphere,  and  the  focni 
of  the  mirror.  If  an  object 
he  placed  at  E,  at  a  preat 
distance  before  the  mirror, 
its  imngo  will  appear  behind 
the  mirror  at  a  poiot  near  D, 
which  will  become  the  vii^ 
tnal  focus,  and  will  be  ai- 
[athalfthe  length  of  Ihe  radius  of  the  sphere,  or  at  the  middle 
between  the  imaginary  focus  and  Ihe  surlnce  of  the  mirror;  and 
t^nilude  of  the  image  will  be  to  that  of  (he  object  in  the  ratio  of 
feCB  toCE;  that  is,  it  will  be  aa  mnch  amaller  than  tbe  object 
iKneCDis  shorter  than  the  line  C  E.  If,  therefore,  (ho  object 
Boght  nearer  to  the  surface  of  (he  mirror,  the  image  also  will  ap- 
a  to  meat  it,  and  become  proportionully  enlarged  ;  so  that  if  a 
iif  any  object  bo  brought  into  contact  with  tbe  convex  surface  of 

•    or,  the  in  '"  * 

'laelf ;  but  ouless  the  obiect _, 

most  bo  obviouH  that  only 


■  ainin  pOTtioD  of  m  object  can  b«  mHilelo  loach  tbenirror,  sndhflDn 
tlie  eotire  iniB^^  masc  ever  be  to  eomn  eil«Dl  ioferioT  id  aiie  lo  tfae  ob' 
ject  bT»rbicb  it  is  produead.  Not  onljiill  tbe  nys  felhug  direcdyoo 
the  min'or.  fli  E  C.  be  reSectod  so  u  to  rorm  aa  image  at  D,  bat  »a 
likewim  will  my  iQcident  ray  whstSTM.  la  E  M,whicb  will  bereflectait 
in  (be  direction  M  !4,  so  that  Ibe  angle  B  M  N  will  be  equal  M  tba 
■ngla  C  M  El"  and  when  the  eye  i«  at  N,  receiring  the  reflected  lay 
M  S,  it  will  see  the  abject  E,  according  to  (bat  direction,  and  the  imigs 
will  appear  in  the  mirror  at  U. 

A  convex  mirror  by  reHection  converts  pntnllel.  rays  into  dirergent 
nys,  tliose  that  fall  on  it  in  diverging  linee  are  reodered  still  moCB 
[  when  reflecteil,  and  convergenl  rays  are  reflected,  eitber 


oiirergBnt. 


Suppose  iiiea  an  object  or  some  asaigudllc 
magnitude  A  B,  as  repi*- 
sented  io  the  margin,  to 
be  placed  before  a  coaTai 
miiTor  M  N,  tbe  rays  of 
light  proceedini;  fromeaoh 
]iart  of  it  will  be  reflecttd 
na  if  from  a  single  point, 
and  an  image  will  be  (buD- 
ed  as  helore,  in  the  line 
drawn  from  each  extct- 
mity  of  the  object  lo  the  imaginary  Focas  of  the  mirror  F  ;  and  in  tlie 
aamo  manner  from  other  points,  so  aa  to  form  a  complete  image  of  the 
object.  And  this  image  must  necessarily  appear  less  than  ilie  lAjixl 
itself;  for  the  rays  which  proceed  from  the  extremity  A  will  be  re- 
flected to  the  eye  aa  if  they  proceeded  from  the  point  a,  and  thus 
reflected  from  B  ai  if  from  the  point  h,  while  the  rays  from  the  part! 

between  A  and   1'  — "  "-  -" -'  ''—  ■' ■" '-■-      — ' 

there  fc 
prodnced. 

An  object  refleotod  fr 
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proportion  but  also  defeciive  in  the  outline  ;  for  the  yi> 
ItelfirtiUB  cif  reSHCtion  Trill  vscy  for  difl'ersol  parts  of  the  same  figure ; 
'"eiefore  unlesa  the  object  be  relatirely  very  small,  or  the  curvaiure  of 
BJnirror  very  oonBiderablB,  the  central  portion  aione  of  the  object  will 
aid  B  correct  imsge.  Sucli  at  least  will  be  the  effect  unless  the  curra- 
re  of  the  mirror  be  accurately  formed,  and  eipresaly  adapted  to  the 
irpose.  The  human  eyeball  caoBtitutna  an  admirable  convex  mirror, 
*     "'  -  -  -        ■  jjjg  ^eijpapy  ami  beauty  of  which  have  re- 


yfnra 


cal  alius. 


Her. 
oris  of  OB 


A  convex  reBsctlng  surfaoe  of  variable  curvature  may  afford  many 
ligrouB  onricHtures  of  the  human  figure,  or  of  Uist  of  any  other  ani- 
tl,  HpeoiaUy  if  the  object  be  brought  very  near  the  mirror.  That 
Mof  tlia  surface  which  ia  moat  protuberant  will  exhibit  a  compare- 
'O.j  diminished  image,  and  the  eiTect  will  be  heightened  by  alternately 
rudng  and  withdrawing  diffKrent  parts  of  the  person,  and  thus  the 
qireportioQ  between  the  bead  and  the  body  or  lower  limbs  may  be 
odered  more  remarkable.  For  if  the  bend  and  trunk  be  thrown  back- 
Md  while  Btaudmg  near  the  mirror,  the  image  will  diaplay  a  diminu. 
ra  head  and  body,  supported  by  preposterously  awellad  and  gouty 
n;  and  on  the  contrary,  if  atanding  oiiore  backward  the  body  bebeul 
Ith  the  bead  stretched  out  towards  the  mirror,  it  will  present  a  moo- 
rona  bloated  figure  with  a  dropsical  bead  aodbody  perched  on  ejiindle 

Sir  David  Brewster  has  published,  in  the  Fhilosupbioal  Magaaine, 
.aCMUni  of  a  curious  convex  metullio  mirror,  recently  brought  from 
Idiia  to  Calcutta,  the  general  appearance  and  effect  of  which  is  thus 
■«ribed  :  "  This  mirror  bna  a  circular  form,  and  is  about  6  incbea  in 
•meter.  It  has  ■  knob  in  the  centre  of  the  back,  by  which  it  can  b>- 
ildiBndon  the  reat  of  the  back  are  stamped,  in  relief,  certain  circles 
itb  ■  kind  of  Grecian  border.  Its  polished  face  haa  that  degree  of 
nrexity  which  givea  an  image  of  the  face  half  its  natural  size  ;  nnd  its 
■narkable  property  is,  that  alieit  uau  rejlttt  tKe  rayt  nf  tht  tun  from  lA< 
li(M  lur^f'c*.  the  inegu  "f  the  aiaameotal  titritr  and  eireUi,  it.»fU 
Vti  IJm  baOi.  i]  mn  disteactlv  rcflecltd  vprtn  the  wall."  Mr.  Swintaa,.— 
a  gentlemitn  who  transmitted  from  the  East  Indies  the  precediag'9 


atal«m«iitarUiisiippBrent  reflection  of  figures  tbiDugh  on  Opaiiue  sab- 
siince,  proposed  a  cnnjectuml  eiplaaBtion  af  the  slntnge  pheDumenon, 
»  depHiidiag  on  the  difference  of  dc^nsitf  in  different  parts  of  tlie  mebJ, 
ocCBsianed  bj  tbe  stsmpinf;  of  the  figures  on  the  back,  the  light  being 
reflected  more  or  less  strOD^ly  from  porta  that  haTe  been  more  OT  leu 
compressed.  Bnt  Sir  D.  Brawstflr,  jndginj  from  the  deaoriptiOD, 
which  aloDe  hod  been  trtmsmitted  to  him,  infers  thnt  "  the  apectniai  in 
the  luminous  ares  is  DOt  an  im^a  of  the  figures  on  the  bark  ;  huE  tliat 
the  figures  are  a  copy  of  the  picture  which  the  artist  has  drawn  on  the 
surfuoe  of  tlie  mirror,  and  so  concealed  bj  potishing,  that  it  ia  invisible  in 
ordinary  lights,  and  cvn  be  brought  out  only  in  (he  eun'a  rajs."  llehsd 
observed  radiated  linea  and  ooncentrio  circles  to  be  eimilarl}'  ledected 
by  the  light  of  the  aun  from  polished  steel  buttons,  which  having  been 
finished  in  a  turning  Inthe,  the  lines  and  rings  had  been  formed  on  Iheir 
surfaces  by  the  action  of  the  polishing  powder  or  somesimiLar  cause,  but 
too  faintly  to  be  Ttsible  except  in  tbe  BtroDEest  light.  Thus  the  figDrss 
on  the  back  of  the  Chinese  mirror  ware  doubtlees  placed  there  merely  to 
mislead  the  obaerver  into  a  belief  that  he  beheld  them  reltected  through 
tbe  metal,  while  he  actually  viewed  the  reflection  of  a  duplicate  oTthoEs 
(igores  lightly  traced  and  concealed  by  tbe  polish  on  the  front  stiriu*. 


Jtefiictunfnm  Cenanie  Sarfactt. 

s  depending  on  tb* 

md  to  tbe  obaerrer, 
some  of  wbicb  are  bighlv  curious  and  interesting.  ■■  The  caaaavs 
mirror,"  says  Sir  Darid  Brensler,  "is  the  staple  inatcnment  of  th« 
mssician's  cabinet,  and  must  always  perform  n  principal  part  in  tU 
optical  combinations."*  Some  of  the  most  extraordinary  optical  efleels 
in  nature  are  also  produced  by  reflection  from  concave  surfaces,  d* 
properties  of  which  therefore  demand  investigatiDn. 

The  manner  in  which  tight  is  reflected  from  concave  mirrors  may  bt 
thus  explained :  LetACB.inthe  mnrgiual  figure,  p,  377,  repmsenta  mil- 


J 


^^..^^  '■       diua ;    and   suppow 

^^-^  E  to  be  Bu  object  for 

^\~  distant  from  the  mir- 

^\  for,    then  its  imsge 

^^^  will  appeHt  in  front 

^N  of  tie  mirror  at  D, 

_  the  cfiDttal  point  of 

|»,ndial  line  C  G.  For  any  rsy  of  Hgbt  nhnteier,  as  K  M.fromtlta 
^ect  E,  filling  on  tlie  Eiirfnce  of  the  mxti'UT  uC  the  point  M,  will  be  re- 
iKAed  Ibence  ia  such  a  manner  aa  lo  puts  tbrougb  ibe  point  O  ;  and 
^^^jn  the  eye  ia  placed  at  N.  the  object  will  be  seen  at  or  n»ur  D  :  bnt 
if  imua  will  he  to  the  object  in  (}ie  ratio  of  C  D  to  M  E,  and  eou- 
juauily  less  than  l!ie  object.  If  the  object  be  made  to  appnnutb 
ant  to  the  mirror,  tha  imBga  will  reEsde  from  D  lownrda  G  ; 
I  it  be  placed  there,  the  object  and  image  will  coincide  ;  and  the 
lU  advancing  from  G,  the  image  will  retreat  beroad  it,  till 
ijecl  aniTBB  at  D,  when  the  imaee  will  appear  infinitely  beyond. 
■"  the  obJBtC  be  placed  yet  furlliec  forward,  between  D  and  _ 
_  age  will  fall  bi^ind  the  mirror,  nod  it  will  look  larger  than  the 

ritject. 

Thu*  it  tppuara  that  when  parallel  rays  fall  on  tbe  surface  of  a  con- 
m  mirror  forming  a  portion  of  n  sphere,  they  will  be  reflected  and 
»«  in  >  point  at  half  llie  distance  between  tbe  surface  an<l  the  centra 
(.  MDoaTity  of  the  mirror.  If  the  raya  fall  cnnvergenl  on  a  concave 
lisnir,  tbey  will  be  brought  to  a  focua  sooner  than  parallel  mvs  ;  and 
^  GwU  <vill  be  nearer  to  tbe  surface  of  the  mirror  than  to  the  centra 
^"^emeiTity.  When  tbe  raysfalliadivergeDt  liuea,  the  focus  to  which 
(ej  will  bo  reflected  will  be  more  distant  than  that  formed  by  parallel 


1^1 


'bore  nre  three  cases  to  be  considered  i 
.  When  tlie  object  is  placed  between  I 
.  W'bou  it  ia  ailuated  between 


ith  regard  to  the  effects  of 
le  mirror  and  the  principal 
ily  and  that 


3.  When  it  (b  mora  remota  Iban  the  eantra  of  eonciritj. 

1.  In  Uie  £rsl  case,  tlie  rays  uf  light  dirorgiDg  after  refieotioo,  bal 
in  «  teas  degree  tbim  tasforu  suvli  refleDUou  took  pliwe,  iLe  image  will 
be  larger  thiin  the  object,  atid  appeur  at  u  greater  or  amaJlor  di^tiitico 
from  tiia  aurfufl  of  the  mirror  and  behind  it.  Tlie  image  in  tbia  cue 
will  be  eruct.  2.  When  the  abject  is  betwesn  the  principal  (ocas  uui 
the  ceDd-e  of  the  mirror,  the  apparent  image  will  be  behind  the  otgeot. 
appearing  very  distant  when  the  objeut  is  at  or  just  beyond  the  bnua, 
and  advsncinK  towirda  it  aa  it  recttdea  lowardB  the  centre  of  coneavitj, 
where,  as  alreadj  stated,  the  image  and  (he  object  will  colaaids. 
During  this  retreat  of  the  object,  the  image  will  still  be  erect,  beeaaw 
the  nyt  belouging  to  each  visible  point  will  not  intersect  before  tii^ 
reach  the  eye.  liut  in  this  case,  tlie  insge  becomei  leaa  and  less  dis- 
tinct, at  the  sanie  time  that  the  visual  angle  la  increasing  i  so  thatulhs 
canlre,  or  rather  a  little  before,  the  image  becomes  confused  and  iiD' 

Cfect ;  owing  to  the  small  parts  of  the  object  subtemJing  angles  too 
je  for  distinct  vision,  just  as  happens  when  objects  are  viewed  too 
near  with  the  naked  eye.  3.  In  the  oases  just  considered,  the  imagw 
will  appear  erect ;  but  in  the  case  where  the  object  ia  fiirther  frum  the 
mitror  than  its  centre  of  coacaviCy,  the  image  will  be  inverted ;  ud 
the  more  distant  the  object  is  from  the  aeotre,  (he  less  will  be  its  imagu. 

nnd  tfau  ftirtlier  from  tue  Baidceatie,  or  the  nearer  the  focus,  and  flte 

Donverae  ;  tlie  image  and  object  coinoiding  when  the  latter  is  stationed 
exactly  at  that  centre,  as  noticed  in  the  preceding  case.  If  an  ohserrar 
view  bis  own  imi^e  at  a  considerable  distance  beyond  the  centre  of  t 
concave  mirror,  the  image  will  appear  small,  faint,  and  aomewhat  coa- 
fiised.  This  is  owing  (o  tlie  amallnesa  of  the  number  of  rays  that  nan 
enter  the  eye  ;  hence  the  apparent  distance  is  augmented  or  readertd 
nncertain,  so  that  the  image  ia  conceived  to  be  beyond  or  within  dw 
'  ■'"       ■  ■'  "    ■      .      As  the  flb- 


larger  and  brighter,  and  likewise  draw  nearer  to  him  -.  but  if  he  &>  i 
view  it  in  a  line  between  himself  and  the  mirror,  it  will  continue  si 
indistinct.      At  length  ha  will  arrive  at  the  station  whence  the  iaw 
assumes  a  determinate  and  correct  figure,  appearing  perfectly  diH 
After  a  few  trials,  the  (rue  place  for  viewing  the  image  may  b*~ 
Isined  with  tolerable  accuracy  ;  and  it  will  continue  djalinelljr  ■ 
tible  when  Iheobsecvei  moves  a  short  distance  backwardiioifq^ 


to  the  poBilion  of  the  olyect ;  IhorefbrB  if  a  Bmoll  Btatne,  buW.  or  »of 
ileGnitc  obje<:t.  as  a  ntuciDi,  l?e  pieced  upaicie  dciwn  at  A.  an  obferTer 
in  the  Dpartmeat  at  O  will  behold  an  arect  image  of  the  object  si  B.  In 
order  to  gire  the  greater  elfect  to  tbia  exhibition,  the  object  sboBld  be 
"a  very  bright  oolonr,  and  ahoald  be  atropglj  illn- 
f  which  must  bo  prevonted  from 
ae,  the  image  being  formed,  not 


aoed,  but  will  be 


the  lingU  focus  of  a  uphetical  ci 
it  an  elliptical  miiror,  it  irill  not  I 

ather  larger  thui  the  object.  When  me  miago  appears  u  cue  au,  u 
lere  deaciibed,  it  will  he  diatinctly  viaible  only  from  the  point  O,  and  a 
leraon  placed  at  a  little  diatance,  on  either  side,  will  see  nothing  of  it. 
r,  howerer,  the  opening  EF  be  filled  with  amoko,  .rising  Erom  bonung 
raQkidceQae.oroiberperiumaa,  the  clnudy  vapour  will  aerve  as  a  scraen 
o  reeaire  the  reflected  imiige,  which  may  thns  be  rendered  ganeiallj 
'istble  to  persona  witbiutheroum  O. 

Among  the  natural  phenoiuena  which  appear  to  be  caused  by  redeB- 
ion  from  concave  surracea  maj  b«  mentioned  what  is  called  m  Oar- 
nany  the  "  Spectre  of  the  BrockeQ,"  a  gigantio  fii^ure  aonuititnea  saea 
diataace  upon  the  highest  peak  of  the  Hari  Mounlaina,  in  (he  king- 
It  baa  been  ascertained,  from  careful  obaenatioii, 
I  reSecled  spectrum  of  the  obgervei.  such  hi  mighl 

of  atmoBphenc  reflection,  as  observed  in  Sicily,  frtfin 
Mount  Etna,  has  been  noticed  by  a  modem  traveller.  lie  Bays,  "  At 
the  extremity  of  the  vust  abedow  which  Etna  prqjectaBDroas  (lie  islatd, 
appeared  a  perfect  and  distinct  image  of  the  mountain  itself,  elevated 
■hcve  thehoriaoa,  and  dimiaisbed,  as  if  viewed  in  a  concave  minor."* 
Various  forms  may  be  given  to  mirrors  besides  those  already  de- 
scribed, and  thna  various  modiScationa  of  the  reflected  images  m^b* 
produced.  Cylindrical,  conical,  pyramidal  and  prismatic  mirroisara 
aometimes  constmcled,  but  they  merely  serve  the  purpose  ofcreaiiiig 
amusement,  by  the  singularity  of  the  efiects  which  maybe  eilubiledby 
means  of  auch  inatmmenta.  A  common  method  of  ilispUying  llitaa 
iptieal   phenomena  constats  in  the  rectificetioo   of  distorted  figure* 


dom  of  Ham 
Chat  Ibfl  figUT 
be  produced 


(drmrn  for  the  purpose),  by  ri 
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REFRACTION  or  LIGHT.  381 

oxhibitiona  are  termed  Aanmorpbosesi*  sad  the  mtea  for  delineatias 
dB&nned  figures  1o  suit  the  diS'ereat  kinds  of  mirrurK,  with  directiaaii 
inc  theii  proper  arrnagemaDtiinaj  be  ftJuad  in  Beverulffoclm  relstiagM 


DIOPTRICS. 

t  *Yi  of  light  in  passing  to  an^  distance  through  a  meiiium  of  iini^nn 
■ity  will  proceed  in  right  lines  ;  but  if  a  ray  or  pencil  of  rnyB  be 
le  to  pass  from  one  tnmsparent  mediuni  to  uoather,  as  from  air  into 
er  or  glaaa,  ila  directiao  will  be  cbanged  at  the  surface  of  the  neir 
liam,  and  it  will  afterwards  proceed  in  a  line  Tarjing  more  or  lecis 
D  that  inwMcti  it  passed  through  the  air.  Hence  a  ray  is  said  to  b« 
'acted  orbentt  in  consequence  of  its  transit  &om  one  medinm  to 
ther;  the  eflect  produced  is  termed  re&actiaa  of  light;  and  the 
1  by  which  the  phenomoaa  are  regulated  c 
Bch  of  soienoe,  called  Dioptrics.  " 

"    " :i? 


bowl. 

bwin.  placed  on  a  table  or  on  the  floor,  and  then  retreating  hask^ 
rd  till  the  money  is  no  longer  risible,  being  hidden  fn)m  the  eye  u 
I  tido  of  the  bowl :  if  then  water  be  poured  into  the  ressel.thapiaMi 
mimoy  will  bucome  risible,  jual  ds  if  the  bottom  of  the  basin  w|^ 
led  ibove  its  real  level.  Aa  this  experiment  may  be  readily  r»- 
■ted,  uid  affords  a  conrincing  proof  of  the  position  abore  stated,  it 
ybe  uroper  to  obserre  that  the  money,  or  any  other  flat  object 
noli  wul  equully  well  answer  the  purpose,  shonld  be  ^tened  to  the 
ttom  of  tho  basiu  witli  sealingwax,  tliat  it  miiy  not  be  moved  (naa 

plBea  when  the  water  is  poured  on  it,  and  tliat  the  ressel  most  b« 
BOto  a  cyrtain  height  before  the  object  can  be  seen.  I'he  refraotiqO 
light  may  be  eibibited  more  simply  by  plunging  a  straight  cane  ^ 

iftomtboCfBtltprepoaltion'AJil,  add  Mup^cric.ao  appearance:  I.. 


f 


DDg  mier  obliqunlj  idId 


There  is,  howsreT,  ona  case  io  which  i^a  of  light,  in  Uieir  pacnge 
fiom  one  medtum  to  anotlier  of  diQercoC  deaeify,  icill  proceed  nitbouc 
chongiiig  tbeir  direction ;  and  that  is  wbeu  tbeir  direcl^on  is  perpendi- 
cnlar  Io  Ibe  connecting  suri^CBS  of  tbe  two  mediumH.  Tbos,  if  the  eye 
be  placed  Terlicalli;  above  B  piece  of  money  in  a  baaio ,  it  will  be  «een 
in  tbe  mme  vertiDBl  line  wbetber  tbe  basin  }n3  empty  or  blled  with  wa- 
ter ;  and  for  the  same  leaaon  a  straigbt  Hlick  held  perpendicularlj  in 
water  will  not  assama  the  bent  £^re  which  may  be  remarked  whim  itia 
beld  obliquely. 

If,  from  the  point  where  a  ray  of  light  pasaes  from  one  medium 
through  tbe  eurface  of  Boother  medium,  we  conceive  a  line  to  be  drawn 
perpendicular  to  that  surface,  sue)  prolonged  indffinitely  beyond  it,  the 
ray  after  refraction  will  either  approach  the  perpendicular  more  dian 
be/ore  refraction,  or  recede  further  from  it  than  before.  If  tbe  medium 
which  the  ray  entsra  be  more  denae  than  that  wbioh  il  quits,  it  will 
■pproacli  the  perpendicular  ;  but  if  the  second  medium  be  rarer  than 
'      ■*        "'  "7  effect  will  take  place,  and  the  ray  will  recede 

These   effects   may  be    illustraled    tn 

of  the  marginid  figure.    Suppose  0 

be  the  point  at  wliich  the  luminous  m 

aiies  Ircan  one  medium  to  anolfaer,  and 

lit  tbe  two  are  lepurated  by  the  line  B  D, 

liresenting    any   aurftce    eitlier    plane, 

ncure,  or  convei  -,  suppose  tbe  median) 

U  D  la  be  more  rare  tbao  that  be- 

..  and  let  H  O  represent  tbe  incideni 

id  O  C  tbe  refracted  rsy,  and  dran 


from  the  parpendiDt 


preserved  il 


ID  after  passing  the  plane,  tbe  angles   H  O  1  • 
F  O  C  must  bsve  been  equal ;  but  the  latter  is  more  aouu 
former,  because  tin;  line  of  refraction  O  C  approaches  more  tc 
pendicular  I  F  than  the  line  of  iacidenoe  H  0.     On  the 
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tba  mediniQ  below  B  D  had  bjen  rarer  tbaiithfttabove  it,  ths  ray  would 
b»re  been  leaa  retVacted  than  before,  and  would  consequendy  bate  di- 
d  facihec  from  tlie  pEcptindicular  1  F  tban  thx  ra;  U  U  doRa.  and 
d  therefore  liare  fonned  an  angle  F  O  A  mure  obtuse  than  HOI. 
u  |be  point  0  as  a  centre  describe  tba  circle  I  D  F  B,  cutting  the 
~  e  incident  and  tbe  refracted  ny  in  tbe  poiuts  1 1  and  C  ; 
1  tiioso  paints  dran  tbe  Hnee  H  N  and  C  11  porpoodicular  to  I  F, 
lA  lines  wiU  be  tbe  ainea  of  tbe  angles  H  0  I  and  F  O  C.  It  baa 
D.  ueertaiiiad  from  numerausobBervationa  that  tbeselinsA  are  alwsja 
D,  whatBFBr  be  the  angle  of  incidence  at  which  iha  ray 
ii  provided  tbe  mediums  through  which  it  passes  remain  tbe  aime ; 
«  tbaush  there  is  no  fixed  relation  between  theangle  of  incidence  and 
le  mofle  of  refraction,  there  is  always  a  certain  proportion  between 
Inea  of  those  anglsB.  H  N  ia  called  tbe  sine  of  the  angle  of  Inci- 
,  .  »,  and  CR  the  sine  of  the  angle  of  refraction. 
1  IVben  a  ray  passes  from  air  into  glass,  the  sine  of  its  angle  of  inoi- 
■"  ■  10  that  of  the  angle  of  refraction,  in  the  ratio  of  3  to  «;  if 
Ml  from  air  into  water,  tbe  ratio  of  the  aiaes  will  be  as  4  to  3 ; 
leae  ratios  n-ill  be  inverted  when  light  passes  from  glass  or  wator 
ii ;  for  in  tbe  former  cuaa  tbe  ratio  of  the  sines  will  bs  as  ij  to  3, 
din  (he  latter  as  3  to  4.  These  ratios,  as  just  noticed,  are  oonatant, 
haterer  ha  tbe  angle  of  incidence,  for  the  reapectiro  modiums.  But 
f, differ  considerably  for  diSareot  substances;  and  the  refraotire 
1  ooniiderable  number  of  bodies  hate  been  ascertained  by 
.  No  gen>>r«l  principle  bas  been  discovered  which  conneola 
tive  power  of  bodies  with  their  other  physical  propertiea ; 
is  usually  highest  in  the  densest  transparent  substances,  and 
I  are  of  an  iniaiDmable  nature.  Sir  Isaac  Newton  baring  ob- 
[seceral  inSammable  bodies  possessed  high  refracting  powers, 
ing  a  similar  property  in  the  diamond,  iiweniously  conjeo- 
A  that  gem  to  be  an  inHammsble  substance,  long  before  its  oompo- 
n  was  known  \  nod  analysis  has  verified  his  idea,  and  showa  it  to 
It  of  ciystalliied  cntbon. 
Ab  (ba  efiect  of  any  transparent  medium,  in  tbe  refraction  of  liKhl, 
nmlly  increases  witli  increase  of  densitj,  so  air  and  rapouTS  wh^ 
Hdisplaygreaterpowerof  refraction  than  when  comparatively! 
I  Gutious  and  important  phenomena  depi     '        - 


iignt. 


spbsric  reTtadioD.  Lig'lit,  r>n  entariag  the  Btmospfaara  of  tbe  evA. 
eocouQlors  u  medium  leas  rare  Uibd  tliar  more  etbermil  space  bevond  it, 
and  OS  the  luwer  portion  of  llie  uttuospbere  'u  relutively  the  deuust, 
nys  possiDg  Ihrougb  the  sir  from  objecbi  far  above  hb  nuK  b«  conai- 
derabljrefrBated.  From  this  cause  the  sua  and  other  celeslial  bodiet  are 
neTsi  seen  in  their  true  aituHliong,  unless  thej  bippen  to  be  Tertirnl  f 
and  the  nearer  thej  are  to  the  horizon,  the  greater  will  be  the  indaend* 
of  refraction  id  ulMring  the  apparcDt  place  of  toy  at  those  lumiiMriM. 


Thus,  a  spectator  at  A,  in  the  nnneied  figure,  WDnld  see  the  sua  AT 
C.  when  its  real  situation  nas  at  S  -,  and  bo  its  apparent  place  would 
be  relatively  altered  till  it  arrived  nt  the  zenith  Tertically  above  tbs 
point  A  'j  but  it  can  be  ao  situated  only  wiCli  respect  to  obeerveia  uader 
the  equator,  or  at  least  in  the  torrid  zone.  In  cortsequenoe  of  this  at- 
mospheric  refraction  the  sun  sheds  ))iB  light  on  ua  earlier  in  the  room- 
ing and  later  in  the  evening  than  we  should  otherwise  peroeire  it.  And 
whan  tEiBSuu  is  aetually  below  the  herizon,  those  rays  which  wonld  dM 
be  dissipated  through  space  are  refracted  by  the  atmosphere  townM 
the  auriaoe  of  the  earth,  causing  twilight ;  the  greater  the  denaity  «t 
the  air,  the  higher  ie  its  fefractive  power,  and  coneequently  the  loi^Br 
the  duration  of  twilight.  In  cold  climates,  as  near  the  poles,  where  tl* 
yeans  naturally  divided  into  seasons  of  light  and  darbiesSi  eai^  B 
ing  six  months,  the  twilight  of  the  ciroumpolar  atmospbete  dtmlf" 
the  witUer-night  of  tbosa  gloomy  regions  by  a  period  eqari  to  it 


EFFECTS  OF  TRANSPARENT  PLATE9.  385 

day*-  Hence  also  teriestrial  objecCs,  viewed  it  a  p'eat  distance,  sre 
sSecled  bj  ntmoapheric  refraction  i  and  tbey  tlierefore  appear  more 
qlerUed  and  nearer  to  llie  obserret  than  tliej  would  seen  throBgh  i 
swdium  of  uniform  density. 

optical  phenomena  depending  on  refrBcCion.  with  which  ws 
liniliarly  aoquainted,  are  such  as  are  produced  by  the  passage 
-•f  i^s  of  light  from  any  medium,  aa  air  or  water,  into  another  morf  or 
lata  dense,  and  their  entering:  again  tlie  former  medium  after  ihey 
kretraveraed  the  more  or  leas  refracting  medium.  Thus  objects  aeen 
Ibntagb  a  common  reading-glass  or  a  pair  of  apectacles,  if  observed  ni 
(MTtain  distances,  will  he  in  aome  degree  magoified ;  and  glasses  used 
bjr  abort-sighted  persona  hare  the  eSect  of  reducing  the  size  of  objects 
Been  through  them.  And  when  any  transparent  sabatance  is  held  be- 
tween tfae  eye  and  any  object,  the  raya  which  render  that  object  viaihla 
will  be  refracted  in  iheir  passage  from  the  air  through  the  transparent 
•sbftaDoe,  into  the  air  again,  before  they  reach  the  eye;  and  the  effect 

rlooed  will  depend  on  the  refraotive  power  of  that  aubstaace,  and 
GgBie  of  its  surfaces. 
The  moat  simple  case  of  this  nature  is  when  the  denser  or  more  re- 
frootlDg  auhstaiice  is  terminated  by  plane  siirlDcea  parallel  to  each 
Dtber.     Suppose  A  B  to  be  a  section  of  a  plate  of  polished  glasa,  ter- 
minated by  parallel  eurfaces  I  i,  on  which 
/falls  obliquely  the  ray  D  C  :    at  the  point 
C,  it  will  be  more  refracted  on  entering 
willhechanged 


^\  "^        ,     4b    bo    as  to    approach  n  .      . 

r^ — — '  dioular  to  ihe  plane  of  the  glass,  paasini; 
through  it  in  the  line  Ct ;  but  oa  emerg- 
ing at  c  it  will  he  again  relracted  in  the 
contrary  direotion,  and  will  proceed  in  [he 
line  ed,  parsllal  to  D  C  d'.  Thus  raya  being  rogtored  to  their  former 
diradiaD  after  being  refracted  through  plates  of  glass,  or  other  trana- 
paraat  bodies  with  parallel  surfaces,  the  effect  is  not  perceptible ;  and 
beace  the  forms  and  situations  of  objecta  are  not  afieoled  by  liewing 
them  through  the  iianes  of  a  glass  wmdow. 

When  the  plane  surfaces  of  a  transpnieiA  aiftiMja«a 
to  each  other,  different  effects  will  bi 


■eftion  of  a  mpdium  denger  tban  diiit  nmouiidiiij 
il,  and  Wnninated  byinclmed  plmnei.iicro«whicli 
pais  raji  of  light,  from  the  point  O.  Tben  ike  iw 
a  h  will  be  refTacted  in  the  direction  b  V,  «nd  tSOt 
emerging,  it  will  paaa  in  the  line  b'  o  ;  tnodia  nj, 
O  a,  from  thv  snoie  lumisous  point  O,  will  in  ths  rami 
msnaerhe  refraclMl  froiu  a  too',  and  meet  the  fbms 
ray  in  (ha point  a.  If  aneje  bBsnppoBadtobent»B«4 
ato,  the  luminous  point  O  will  he  doablsd  ;oiwiiii>|( 
being  formed  bj  rays  piasing  through  the  ■nrfictt. 
and  another  by  those  psssiug  Ihnnigh  themrAHii' 
id  A  only,  Ihera  were  three,  four,  or  any  greater  umta' 
of  plane  surfacea,  the  eye  nt  o  would  perceire  a  light  or  other  obJMIUO; 
multiphed  na  many  limea  aa  the  number  of  fleets  into  which  the  At* 
ab  were  thus  divided.  Hence  also  when  glusais  furrowed  into ■  mul- 
tiplicity of  minute  Burfacea  by  grinding,  the  rave  of  tight  in  piUKiij 
through  it  are  refracted  as  from  innnmerable  small  fkcete,  and  tbereim 
objects  are  not  perceived  at  all  throngh  it ;  for,  if  the  imsgea  of  tbfw 
were  fotmed  tn  proper  directions,  they  would  he  too  diminutiTe  to  h 
visible.  Such  glass,  forming  a  trgtispareat  screen,  is  sometimes  Sstd 
in  the  windows  of  offices  <nd  cauntm°;-hauses,  as  the  light  pasaDf 
ihrougli  them  is  more  generally  diffused,  md  the  shadows  are  reiy 
taiatj  nod  for  these  reaaona,  circular  screens  of  ground  glasi  an 
adapted  to  lamps,  hence  called  sinnmbral*  lamps. 

Glass  and  transparent  cirstals.  but  cbie9}^tlie  fbnuer,  are  the  >nb- 
sJunces  generally  employed  in  Ihe  constmctiou  of  optica]  inBtrumeBti 
for  exhibiting  the  pbenomena  depending  on  the  relraction  of  light;  nd 
having  noticed  the  effects  produced  by  transparent  bodies  with  pin* 
Burfices,  we  shall  new  proceed  to  investigate  the  properties  of  glaWi. 
wiCli  curved  surtaces.  There  are  numerous  varieties  of  euch  glisM, 
usuaUy  termed  optical  lenses;  but  tljey  may  all  be  ai  .       -    - 

classes  :  (1.)  convex  lenses,  or  those  wbieh  ore  thicker 
than  towards  their  borders;  (9.)  concave  lenses,  or  glaK 


Among  convex  lenses  are  tlie  double  convex.  A,  to  whioh  theappel- 
•-'--    '--■  '     "  -    "ancB  loalautil 


deil  bj  a  plane  surface,  anil  Che  other  by  a  convex 


I 


mr&ce;  and  the  meniacua,  or  cODCUTO-couvex,C.  bounded  ot 

by  >  oonoaie,  and  on  [he  other  bj  a  convex  Bnriace :  the  former  being 

a  portion  of  a  larger  circle  than  the  latter,  and  theiefDre  the  anrfsces 

There  are  also  three  principal  varietiee  of  concave  glaases  ;  as  the 
double  concave,  11,  bounded  by  two  coucave  surfaces,  formiDg  portions 
of  ipberes  whose  centres  are  on  opposite  sides  of  the  leiia;  the  plsno- 
mwave,  E,  bounded  on  one  side  hy  a  plane,  and  on  the  oiher,  by  a 
mncnre  surface  ;  and  the  convexo-concave,  F,  bounded  by  a  convex 
■Drtice  on  one  aide,  and  by  a  concave  one  on  the  otber,  but  these  Bur> 
&ceB  ivben  produced  do  not  meet. 

Tbe  rarietieB  of  both  classes  of  lenses  admit  of  numerous  modifica- 
tiODS  depending  on  the  relative  curvature  of  their  several  auiface*. 
The  radius  of  a  lens  will  be  tlie  radius  of  the  sphere  of  nhicb  its  eur- 
lioea  form  a  pait,  if  both  surtiicea  have  the  same  curvature )  but  other- 
~  ~'~)  each  aide  will  have  a  diSurent  radius.  In  all  the  various  kinds  of 
el  there  muat  be  a  point  where  the  oppoaito  Hurfacca  are  parallel ; 
point  is  termed  the  i^tical  centre  of  the  lens,  and  a  line  passing 
Siroogh  it  pi-rpendicularly  to  tbe  surface  will  be  ila  axis.  On  Ihia  lin> 
••rill  be  situated  the  geometrical  centres  of  tbe  two  anrlaces  of  the  lens, 

[Biher  of  the  spheres  of  wliicb  tbej  form  pQrtiiroa,     Ei.\eu*Yi  wJASn 

Cnily  or  exactlf  centred  wben  its  DpUcsiceiiB»'iafettM.-iL\iai.»>-iV™^^ 


■IDS  urijus* 

OB  llie  uis  cquslly  dislanl  from  correBpanding  parts  of  Ibe  nir6K«  a 
■very  direction  ;  ua  tlien  objects  seen  (hcougb  the  lens  irill  not  ^ipen 
altered  in  position  when  it  is  tumad  round  perpendumltrlj  (n  iU 


Tbs  ffenenl  effect  of  those  g 
whicb  are  thickest  in  the  cent 


*e  styled  coDTBi  Imum. 
ravB  which  pan  Ihtoi^ 
hem  more  coavergent;  and  that  of  concave  lenses,  od  the  contnuy,!^ 
Older  taja  moie  divei^ent.  The  mumer  in  nliicb  light  is  le&Ktid 
y  a  conrei  lens  may  be  illostnited  bymeBDHufibe  anoexed  figon. 
Suppoaa  AB  to  ba  < 
double  convex  Igni,  4* 
a»ia  ofwhichiairCO', 
aud  C  its  opticd  «■» 
than  the  pu^lat  rill 
DA,  D'B.  wiUteM 
refracted  at  die  two  Mr 

whieh  point  is  Imwtl 
the  "priDcipalGien^rf 
the  lens,  A»d  the  J>i- 
rBllolraysEA,  ECud 
l-VB,  andelaoFA.n;. 
■nd  ¥"B,  falling  obliquely  on  the  lens,  will  in  a  aimilsr  manDubatr^ 
fracted,  and  have  their  foci  st  G  and  G",  at  the  same  diatance  behind 
the  Una.  It  may  be  observed  tliatlbe  rays  E'CG",  LCCG',  F'C(i- 
paasing  tlirougbChe  centre  of  the  leoa,  do  not  alter  ibeir  direction.  Ct>' 
ia  termed  the  "  focal  diatance"  of  the  lens  ;  and  in  D  double  oodvsi 
Una,  formed  of  equal  spherical  aurfacea,  its  length  will  he  that  ot  ll« 
radina  of  the  sphere  of  which  those  aurfacea  form  portions.  In  a  puts' 
eoD*ei  lens  the  focal  distance  will  be  equal  to  double  ibe  leagth  of  ibi 
radius  of  its  carved  surface.  If  the  lens  be  unequally  coan^,  iba  tfcal 
distance  may  he  foirad  by  multiplying  together  the  radii  of  its  two  sai* 
faces,  and  dividing  the  product  by  the  sum  of  the  two  radii,  the  qlP' 
tient  being  the  focal  distance  required. 

When  coDTerging  imi,  qt  tboae  proceeding  towards  one  pmat.  « 

DAG   ECG,iina¥'BG,tifflott*««a*«'"A».'w««««.leiwAB,*i 

icipal  focBS  ot  wKtd.  w  u  O .  Sm^  ■"'*  ^"" 


and  will  tberefbre  be  relhictad 
to  B  focus  St  H,  nBBrer  the  imn 
tban  ihc  poinl  O.  The  mon 
distant  may  be  liie  point  a,  nt 
which  tha  rays  wonld  meet  if 
uninterrupted,  tba  fuiUier  will 
the  point  H  recede  from  th* 
autfece  of  the  lens  towards  O, 
heyond  which  point  It  never 
goes  i  and  the  nearer  the  point 
|to  tl»  lane,  the  neiirei  will  the  point  H  advaQce  towards  it.  The 
inta  G  and  H  are  named  "  conjugate  foci,"  because  the  place  of  ana 
jf  the  other,  and  though  everj  lens  has  only  one  prin- 
_  fboas,  il  may  have  an  indefinite  number  of  conjugate  foei,  as  raya 
aj  fall  on  it  converging  at  innumerable  angles.  The  conjngate  iboal 
ce,  C  H,  may  be  (bund  by  multiplying  the  priocipal  focal  dit- 
.  OC,  by  oC,  the  distance  of  the  point  of  conveigence,  aai 
iridiDg  tbat  product  by  the  sum  of  the  same  numbers,  wben  tiieqoai  I 
~~~.  wulgire  the  distance  required  CH. 


f  When  diverging  raya,  or  tliose  issuing  from  one  point  as  E  A, 
•^-fl  E  B,  fUl  on  a  convei  lens  A  B,  the  principal  focus  of  which  ia  at  O, 
I  le&aotive  power  of  the  lens  will  make  them  converge  toa  focns  itt 
beyond  O.  As  the  point  whence  the  rays  direi^e  recedes  fi-oDi  tbc 
ilfua,  the  focus  G  will  advance  towards  it,  and  when  tbe  point  of  di^ 
vergence  E  ia  inCuilely  distant,  the  point  G  will  coincide  with  the  prin- 
cipiJ  tocas  0,  /or  rajs  issuing  irom  a  ^inl  aS.  «n  \oSaiA»  &sMa«fe'«™»- 
be  virtually  paralle]  rays.  If  E  annroac\ieB  V>  W  .  ftie  Iwmt  "ii  "«;f^'*-, 
rerfe  fram  O.  and  wien  EcomcideswithO\GWa.W«A^^"!^™*^, 
«-(fi««^.wJIhBcoine  parallel   attei  lefwiwaw   IS^^^^^^l 


twetn  (y  sod  C,  u  at  H,  tLe  refrscled  njs  w 
AL,  BK,  aaiflbey  had  prmwcled  from  »  fouuB  I,  beyond  oCand  in 
fioBt  of  the  lena.  The  poinU  E  nnd  G  are  tetme'I  t!ie  conjugato  loci,  a 
before;  and  the  conjugate  focal  distance  may  be  found  by  multiplying 
the  principal  focal  disranco  by  E  C,  tho  diatancB  of  the  point  of  diver- 
gence from  the  lens,  and  diiidinc  tfae  product  by  the  di^renceafthsw 
DOmberB,  and  the  quotient  will  ba  the  required  distance  C  G. 

Rays  of  light  paasing  tbrongb 
concive  lenBesinU  in  moat  ciua 
be  rendered  more  divergent 
by  refraction,  wbaterer  be  their 
previous  direction.  Suppose 
A  B  to  be  a  double  concBTs 
lens,  whose  axis  is  ECe,  aad 
C,  its  optical  centre  ;  then  the 
■) 

rfifVwted  in 
Bf.as  if  tliey  diverged  fromapointO.  before  the  lena,  wLiob 
IB  ita  priDcipitl  focus.  1'he  principal  focal  diatince  is  relatively  tbe 
aante  as  in  a  convei  lens,  sudmay  he  aaceitnined  in  the  same  maoner. 
whether  the  aides  be  of  equal  or  une^upi  curvature. 

When  converging 
I  rayaDA,FB,pro. 
ceeding  to  a  point 
G,  beyond  the priB- 
cipal  focus  O  of  a 


on  it,  thev  will  be 
refracted 'into  the 
divereingliDeaAii, 
'  -id  S/.aaif  they 
fined  from  a  focna 
n  front  of  the  lens  beyond  O'.  When  G,  tlie  point  of  coDvar- 
_  ce,  coincides  with  O,  the  ruys  will  he  parallel  after  reftaclion; 
Wii  when  the  point  G  falls  within  the  point  O.  the  refracUd  rays  mti 
ODvergs  to  a  focus  on  the  eame  aide  of  the  lens  with  G,  but  on  the 
*or  aide  O.  G  and  H  are  styled  conjugate  foci,  and  the  siluatioD  of 
t«  of  them,  wbea  t)ie  other  is  knovm,  may  be  found  by  the  ruls  given 
"Vrau  of  eonvergingittjaWiiu^QQOQQVBx  lensoa. 
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When  diTBi^nj  rSja  D  A, 
F  B,  from  any  point  F  beyond 
the  focua  O'  fall  on  a  conoare 
lens  AB,  they  will  diverge  in 
the  direitions  A  d,  ti/,  as  if 
proceeiliiig  from  ■  point  H,  be- 
-  tiveen  U'  and  C  ;  and  as  F  ul- 
VBoeea  towards  C,  so  will  H 
liliewiaa :  that  is.  tbs  more  di- 
fei^ent  the  rays  are  hetbre  re- 
fraction the  more  will  they  di- 
Tei™;e  afterwerrta.  When  the 
disnace  F  C  or  H  C  ia  givan. 
bw  point  maf  be  fband  by  tbe  rule  for  diverging  rays  fulUDg  on 

nilcuB,  or  concaro-conirfli  lenaaa,  have  the  same  eSect  oi 


with  ther 


11  focal  di 


ce.  Con 


(KMunvB  lenaea  have  the  same  effect  aa  concare  leases  agreeing 
them  in  fbcal  distance. 

a  manner  in  which  images  are  formed  by  means  of  optical  lenaes 
i>»  readily  conceived  from  the  preceding  figures  and  deacriplioDB  : 
'  _         andtLeeffectofconveiglasses, 

in  magnifying  the  images  of 
objeclB,  may  be  further  eloci- 
dated  by  reference  to  (he  an- 
nexed diagram.  Let  A  B  re- 
present a  con  vex  lenis,  of  which 
C  rJ  is  tlie  optical  Biia;  and 
let  E  F  he  may  object  to  be 
examined,  placed  between  the 
principal  focus  and  tbe  Bnr&tip 
of  the  lens ;  then  a  ray  Eg 

.  .    _  .  ill  be  refiKted  in  the  direction 

d  BDotber  ray  EG  H.  from  the  same  point,  falling  obliquely  on 
IS  and  passing  through  its  optical  aiis,  will  be  continued  in  tbe 
■'  *  in  without  being  affected  by  refraction,  and  ihe  two  rays 
„  .nora  divergent  after  passing  through  the  lens;  whence' it 
M  if  tbe  ray  E  Ci  H  weie  prolonged  beyond  E,  it  would  cikttliK 


e  in  the  point  t,  sod  an  eye  placed  behind  the  leiiB  would  we  ^n 
tremity  E  of  Ihe  object  at  e ;  UQd  rays  procueding  from  Bveij  other 
rt  of  the  abject  being  refracted  in  a  cairespandiog  manner,  tbeimaga 
of  the  object  E  F  would  appear  as  at  tf.  and  therefore  be  larger  than 

But  if  the  object  be  placed  at  the  (bcuBof  the  lens,  tbe  rajs  reflected 
being  chiefly  such  as  were  parallel  to  its  axis  before  reBertion,  the  e/a 
will  aot  perceire  a  distinct  ims^e  of  the  object.  If  we  Huppoae  tbe  ob- 
ject E  F  to  be  plnced  beyond  the  focal  distance,  tbe  nya  Kg,  E  ti,  fran 
the  aiuae  point  E  will  became  canrergent  after  hinag  traversed  the 
lens,  and  will  inltrsect  each  other  below  the  aiig,  E  G  as  psaaing 
through  the  centre  of  the  lena  not  having  its  direction  altered  by  refrac* 
tion  ;  all  tbe  rays  from  difi'erent  points  oftbe  object  will  take  uuloeoui 
directions,  and  thus  there  will  be  formed  on  tbe  opposiu  aide  of  tba 
lena  a  rei'etsed  image  of  the  object.  And  if  the  lena  be  fixed  m  in 
aperture  in  a  wiadow-ahutler,  ond  all  light  but  whst  passes  tbrougb  it 
he  oEcLuded,  the  image  vaaj  be  rendered  visible,  bj  placing  a  ft^  " 
white  paper  apposite  the  a|>erture  (o  receive  it.  A  room  thni  fil 
would  beliteridly  a  camm  p/ucura,  a  darkened  chamber. 


The  Organs  of  Fiiim. 


r^ 


The  eyes  of  animals  bear  s  i 
called  a  DBmera  obsmirs,  just 
within  the  sphere  a 


^  to  the  optical  iDSlrument 
for  the  imagea  of  ejrtemal 
actually  fem 


the  eyeball  is  a  mass  nearly  spherical,  but  aomewhat  flattened  in  rroul. 
Those  nnitnala  that  dwell  m  tbe  water  have  eyes  very  much  flattened: 
the  eyeball  in  moat  Gsbes  forming  but  half  a  sphere,  and  in  the  n^ 
apecieg,  it  is  but  one  quarter  of  the  (hicknesa  of  a  sphere.  In  than 
birda  that  soar  to  tbe  higher  regionsof  the  atmosphere,  the  antedsr  part 
of  the  eye  is  sometimes  flat,  and  sometimes  in  the  figure  of  BtruacMnl 
cone :  the  jront  forming  a  short  cylinder,  surmounted  by  a  V«V 
convea  eminence.  The  eyes  of  spiilera,  scorpions.  &c.  are  menlfM 
minute  points,  which  it  would  be  difficult  to  recogniss  «a  ~  ''^ 
I,  if  their  functions  had  not  been  demonstrated  b;  pcAi 


aalv  del 
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Bla.  Millepedes,  Sies,  &c.,  bavp  eyeg  aften  very  large  in  propai- 
to  the  balk  of  the  iasect,  and  composed  of  s  multitude  of  biiibII 
8,  Many  iosects  have,  at  the  gaum  time,  simple  and  compoDnd 
:  »g  isthecaaewilli  wHapa.gTHssboppera,  andaomecFtherfl.  Tbere 
•ziBt  litewiae,  multitudes  of  aniiauls,  in  wbich  no  nrgnn  of  Tisjon  can 
^  ducovered ;  but  it  appears  tbut  in  snch  the  sease  of  feeling  is  ex- 
delicBle,  and  therefore  supplies  the  defect  of  the  other  senses. 
'        '  lotices  of  the  orpmaof  Tiaion,  and  the 

UneMm  <md  fuactioas  of  the  hnman  e;e.  But  the  eyes  of  some 
^nadnipedB,  as  the  ox  or  the  sheep,  so  far  resemble  those  of  man,  that 
VDlBcteiitlj  aecorate  ideas  of  the  essential  parts  of  the  eye  may  be  ob- 
*-' — -*  by  diaaecting  and  eiamining  an  eye  of  either  of  those  aiiimala. 
mparing  ita  mechanism  vrilh  the  ensuing  description. 

The  Bnneied  figure  eihibJtB  a  front  vieir 

of  the  eje,  or  the  anterior  portion  of  (ha 

eyeball.     The  white  part  aurroundiDg  ths 

.uvSjto      centra  is  called  the  sclerotic* 


jciemlica),  aa,  and  it  ia  continued  within 
the  orbit,  ronnd  the  back  partof  cbee/eball, 
being  formed  of  a  dense  membrane,  which 
JQCiudea,  aa  in  abag,  the  other  parta  of  tha 
It  ia  perfsolly  opaque,  and  therefore  is  not  continued  o»er  the 

of  tbe  eye,  but  joins  the  transpsrent  comes,t  b,  wbich  differs  from 

Cfaiefly  in  Iwing  completely  pemous  to  light,  and  therefore  aerrea 
'--  -  wiodow  to  admit  it  to  the  interior  of  the  eye  for  the  formation  uf 
^  »,  Within  or  behind  the  cornea  may  be  perceived  the  iris.t  c,  a 
•iWt^of  colonred  fringe,  usually  either  of  a  dark  brown  ot  a  grayiah-blue 
-tint;  and  hence  the  distinction  between  Mack,  and  blue  or  gray  eyes  : 
iVit  there  are  persons  witli  (uitremelv  light  complexions  and  white  hair 
'{Albinos),  who  bare  red  eyee,  the  iria  being  red.  as  in  tLe  e^ea  of  n 
"white  nU>it.  In  the  centre  of  the  ej^e,  surroundad  by  the  iris,  is  a 
■^ik  circular  space  of  Tariable  dimensiona,  called  the  pupil,  d,  tbraugli 
Srhioh  the  rays  of  light  pass  into  tbe  chambers  of  the  eye. 

ee\SK\iipig,  horn.  Him;  or  3i;\i;pdrijc,h 


An  horiioiitB)  aeMioii  Dtthei 
repreSKnled  in  llie  nurginil  tigaKi 
in  which  thp  paria  tlmd^  k 
■cribed  are  showu,  ss  mil  u  ihat 
of  the  iolarior.  It  will  bt  pv- 
ceimd  ihul  the  eje  ia  eaTolaped  ii 
rourmembraaea  or  tuDics.  ibe  Ml*- 
roltc  coat,  AAA;  Cbe  comm,  * 
It,  B  B,  conneotod  nd 
r.  in  the  front  of  die  1^1 
!  clioroid  coBt,*  T  T.  vlMk 
nine;  to  the  sclerotieoM 
ta  opposite  surface  is  corered  by  ■  black  pigment  {plgmnttm  It 
pnun) ,  OD  which  lies  the  interior  coat  of  the  eye,  catled  the  redi»,1  R  Bi« 
delicate  reticular  membrane,  expanded  over  [be  posterior  chamber  of  ik* 
eye,  and  proceedingrram  the  optic  aer>e,0,  by  which  aeosatiaiiiBia «» 
rayed  to  the  brain.  The  interior  of  the  eye,  or  the  cavitj  aurronadid 
by  the  coats  juat  deacribed,  ia  filled  by  three  auhatanoee  eilM 
haiDours  :  the  fiisl,  or  the  aqueoua  humour,  D,  is  a  fluid  aitnalad  in- 
mediately  behind  the  transparent  cornea,  and  chiefly  jn  fmnt  of  tha 
iris  ;  the  second  in  situaCioD  is  die  crystalline  hnmour,  C.  dirAnly  ba- 
hind  the  iris,  being  a  solid,  tranaparent  lens,  more  convex  bebina  ifcH 
before;  sad  the  tWrd  is  termed  the  Titreoaa  humour,  V,  a  kind  rf 
Tiacoas  solid  maiH.  of  a  medium  conaisteuce  compared  with  the  olbat 
rior  chiunber  of  the  eye,  aupportin^  Ibe  odM 
tiiefly  to  preserve  the  globular  fifruiB  of  d* 
eye.  uetween  u  ana  u  is  the  papil  or  opening  in  the  iris  1 1.  througt 
which  light  is  admitted  into  the  eye ;  and  behind  the  iria  the  crynaUia* 
homaur  or  lens  ia  suspended  in  a  transparent  ca|>«ule>  by  th«  ciltUT 
processes,  L  L,  which  proceed  from  the  iria. 

Tha  eyes  are  situated  in  basin -shaped  cavitiea  in  the  ahull.  eaUadtbt 
orbits,  and  tbereare  various  muscles  attached  to  the  ball  of  the  eyaiad 
to  diflecant  parts  of  eaeb  orbit,  which  hj  their  coDtrtotion  give  *  (•>- 
tain  degree  of  lateral  or  rolling  motion  to  the  eye,  and  thus  aasiil  ia 
directing  the  aight  towud^  ^ui^cuVu  objacts.   Eyelids,  also  lootaibf 


*  Flora  its  reBemWaii«Wi  "n*^""" 
t  fnaa  the  LfttSn  rete,  «,ooi.\tt  ^*to™ 


miucl«,  tad  friaged  bj  Ilia  eyelislies,  sane  to  guard  tbe  efea  from 
dnsi,  *nil  aoreen  or  abut  tliem  iltagQtlier  from  tbe  access  of  Loo  inletise 
a  li^lil ;  end  tbete  are  glands  fiu  tbe  aecrelion  oF  fluid  lo  moialea  tbe 
comen,  and  b;  the  mocioD  of  tbe  eyelids  keep  its  aurfEica  clear,  azid  in  a 
J ■  -o  yield  perfect  ~ 


A»  stready  □baened.  lb«  ejie  ma;  be  compa 
tbe  rayB  of  Ligbt  from  aav  object  entering  the 


■"V 

I         «Dd 

I      lied 


pupil,  and  forming  an 
lucea  tbe  perceptian  of  a  visible  object 
(KMiTeyed  tliruugb  the  optic  nerTe  to  tbe  brain.  That  a  perceptible 
image  ia  really  fonuud  in  tbia  manner  on  tbe  retina,  maj  be  eippriment- 
•II7  demooslraisd  by  paring  away  tliu  back  part  of  tbe  aclerotic  coat  of 
IJm  eye  of  an  ox,  villi  a  abarp  knife  till  it  becomes  so  thin  aa  to  be 

Sarent;  it  will  tbua  he  convertod  into  a  miniature  oamBraobacora, 
Jecte  held  before  the  cornea,  will  then  be  aeen   behind,  deline- 
tied  on  Ihe  retina.     1 1  may  be 

Qlnminated  object  be  placed  tc  ,    ,  ,     ,  „         - 

it  will  form  so  image  beyond  the  retina,  or  rather  the  image  they  fono 
on  it  will  be  confused  and  imperfect*,  ao  on  the  contrary,  if  the  lumi- 
noDS  point  be  too  distant  tbe  image  will  be  confused  in  canseijuence  of 
the  lays  converging  to  a  point  before  they  reach  the  retina.  In  order 
Ibwerbre  that  tbe  image  may  always  be  formed  dialinctlv  on  the  retina, 
piOTiaion  must  be  made  for  increasing  or  diminishing  the  refraction  of 
■1^  within  the  eye,  in  proportion  to  the  distance  of  the  objecta  to  be 
viewsd.  Tbia  aeems  to  be  effected  hj  meaoa  of  the  cryatallioe  humour  oi; 
iMUiwhicb  is  composed  ofconcentriclamiateoftranaparent  fibres,  by  the 
MtioD  of  which  its  form  may  be  modified,  so  aa  to  adapt  the  eye  to  the 
distances  of  different  objects.  And  in  various  aniniDls  tbe  figure  of  tbs 
Sirystalliue,  and  its  situation  with  regard  to  the  retina  are  varied  ao  as 
to  aocommodate  the  powers  of  vision  in  each  animal  to  ita  peculiar  cir- 
CumsiBnces  and  mode  of  life. 

■  Tbe  vision  of  objects  at  different  distancea  may  possibly  also  be 
fiutber  laailitaled  by  the  variable  preasura  of  the  musolea  on  the 
ball  of  the  eve  ;  though  it  must  be  concluded,  from  tlie  eiperiioents 
•f  Dr.  T.  V'lung,  that  their  action  cannot  produce  any  alteration  in 
■he  shape  of  the  cornea.      In  viewing  near  objecta,  the  pupil  of  the 

2e  is  contracted,  fewer  rays  enter  the   eye,  and  such.  &b.^wU.  uk 
It  diiitiactly  perceired  ;  while  in  viewiitt  iYAmi\.oy^wSa,'^™'''«»-^ 
iiblet  to  admit  more  rays  to  tall  ou  ^iw  totoa.     A.O.  a-ow:.™*--!  >  *=* 


i 


pnnil  of  the  eye  beeomas  dilaUd  to  admit  at  manj  ntiB  u  pcnuUn; 
Imd  in  a  BC-ong  light  iti  climenaioDa  are  mach  ccatrscted.  hi  mif  M 
otwerved  bj  holding  a  candle  cpot  ths  eye  or  Bnotber  person.  Sadta 
eipoflure  of  the  eyes  to  much  light  produce  an  utieHsy  BflDMtw^ 
lioiD  Che  quantity  of  rays  admitted  throagh  tbe  dilated  pQpil;  mil, 
on  pssaing  from  npen  daylight  into  an  obacure  Bpuftment,  objwt»m 
DoEisen  till  the  contracted  pupil  becomea  enough  diluted  to  lake m f 
■ufficient  nomhet  of  rays  to  render  them  visible. 

An  object  may  be  Been  dlstinotly  and  singly,  tbtiugh  aepante  iini{« 
of  it  be  formed  on  the  retina  of  each  eye.  Thid  depends  en  ihMe 
iraagea  occupying  correapondiog  points  oa  eitber  retina,  nod  ibua  lU 
diiBCtions  of  the  optical  aies  of  the  two  eyea  intarBecl  eacb  olher.uii 
a  diatinct  image  ia  perceired  at  lliat  point  If,  honeTOr,  while  a  penna 
looki  Btaad&stiy  at  any  near  object  with  botk  eyea  open,  he  ttiats 
direct  fais  view  to  gome  rather  more  distiact  object,  nilhout  suSensf 
the  first  to  escape  attention,  a  double  image  will  be  perceived,  cot 
•omewhat  abore  the  other  ;  and,  on  ceasing  the  efibrt  to  look  beyoDil 
the  object,  the  images  will  coalesce  into  one.  Similar  effeet*  may  be 
produced  by  pressing  with  the  finger  on  the  b^  of  one  ere,  so  a*  Id 
displace  its  optical  axis.  Double  vieioa  is  also  in  the  same  mUHt 
oecasioned  by  intoxication  or  by  freniy.  Mwiy  inimals  never  see  «*• 
jecis  with  more  than  oneeyeatatime  ;  as  moat  kinds  of  birds,  liurdt. 
led  fishes  ;  while  there  are  Borne  species  of  fish  that  can  only  see  object) 
■ituated  above  them. 

Though  the  perception  of  viaible  objects  ia  certainly  prodncai  h 
means  of  (heir  images  formed  on  the  retina,  yet  the  maimer  in  whid 
tbe  sensation  ia  conveyed  by  the  optic  nerves  to  the  brain  is  a  nynar* 
which  we  are  utterly  unable  to  penetrate.  There  are  al^o  some  p«U- 
liar  relationa  between  tbe  imsgea  of  objects,  and  the  mitnoei  in  wbieh 
they  are  perceived,  which  have  given  riae  to  VHrioua  conjeclurea,  asit 
have  never  yet  been  clearly  explained.  Thus,  it  ia  certain  that  tbe 
im^^  formed  on  the  retina  ia  ainays  inverted  with  regard  to  tbe  posi- 
tiou  of  tbe  object  pmduningit;  just  like  the  images  fbnned  by  ■  linglt 
lena  in  a  camera  obicura,  as  may  indeed  be  ascertained  by  repeating  UM 
eiperinient  on  uii  ox's  e^e,  ^ibivjibIy  meutioned."  Some  wrilan  t» 
7ptiea  contmt  theiaM\vBB*iiia»K«>ai«ma.-«t'>«iis^««*JlJi|Bj. 
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ened,  bot  diat  (be  judgment  correcu  the  ecroaeoaa  peraeptioD,  a  pro- 
(oftheoccurTeacenCwIiichaosatUlacloiy  eridepceciiDbeproduoed. 
I  pLilosopbicslIf  Dttempt  to  explain  this  plieaomeaim  hj  ■!• 

'liich  tLepoai. 

of  the  image  ia  corrected."  But  further  inreatigation  is  requisite  to 
liinblaiiB  10  eiplaintherelutioa  between  Che  visible  diiec  (ion  of  objects, 
id  the  ponitioa  of  tlie  images  foTmed  by  them  iritbin  the  eje. 
Iharenra,  howaTer,  aome  casos  in  wbiuh  the  judgment,  with  the  aid 


lC(be  other  senses,  oi 

hahitnal  obaerratic 
i«w  of  viaible  objects. 


0,  balieve  at 


perceptions  pro- 
Ibus,  by  means  of  the  sense  of  feeling  and 
that  we  Bscerlain  the  figures  and  relative  dia- 
en  remsrked  that  persona  bora 
in  the  eyes,  on  being  restored  to 
iur^cal  operadon,  after  arriving'  at  years  of  dts- 
the  objects  they  see  are  in  immediate  contact 
lyes,  every  thmg  appearing  to  them  as  if  painted  ou  a  plain 
„_  .  ,  id  they  are  unable  to  recognise  objects  by  sight  alone,  pro. 
'tbnlly  aoquuing  that  power  by  cDtii|.isriog  their  now  sensBtions  with 
'^-  raal  objeota  by  feeling  them.  Thus,  a  person  bom  blind  and  just 
K>Kd  to  sight  by  the  operation  for  the  cataraot,  would  not  be  able  to 
~  die  or  any  other  cube  from  a  marble  or  a  billiard-ball, 
would  he  know  the  persons  with  whom 
ted,  or  discriminate  bis  father  from  hia 
DtboT,  Di  hia  brother  Irom  his  sister,  withont  examining  their  persona 
id  dresses  by  the  sense  of  fueling,  or  hearing  their  voices,  Indivi- 
Wla  thus  situated  Bc<juire  the  correct  sense  of  vision  only  by  degrees, 
M  infants  1  and  it  is  by  experience  that  they  learn  to  wulk  about 
Dpeg  the  objeots  around  them,  without  the  eoutinual  apprehenaion  of 
rildng  themselves  against  every  thing  tbey  behold. 
He  processes  by  which  wo  judge  at  all  times  loncerning  the  dimen- 
GOU  md  distances  of  visible  objects  are,  in  an  anslt^us  manner,  the 
sub  of  reasoning  on  visual  phenomena ;   and  thus  experience  modi- 


.   Br  Anilrew  Horn,    AlsoBi 


ttiataiice  bi  nt  th 


fiea  ooTuiderablj  tbe  ideas  we  forni  ot  tbe  size  of  anj  objest  md  : 
poaition  in  aaate,  BDcording  to  the  tIbubI  angle.  For  nuUiKw,  in  jnd 
ing  bf  the  visual  angle,  h  man  would  appear  to  db  mnek  (miUu 
ihree  hundred  paces  disumce  tbui  at  one  hundred;  DotHithMndii 
vrhichne  are  able  to  form  bb  exact  a  judgment  of  a  man'tlieigbtMa 
ded  there  be  otlier  objecta  at  handwfat 
:son.  Thus,  we  rectiry  the  image  fbm 
preeoncejved  idea  of  the  common  b^ 
of  a  man,  comparing  it  in  ioiaginatioo  with  tbe  door  of  n  bouaa,  tbetrai 

■cquainlsd.  l{eai:e,  if  we  aee  a  man  three  hundred  paces  off,  upoi 
naked  plain,  ai  oa  a  wide  Bandy  lerel  by  the. aeu-aide,  he  will  loot  n 
BmBll,  and  may  be  miaUken  for  a  litUe  child,  us  we  cau  joilga  of  hi 
only  by  the  visual  augle,  and  have  no  other  object  near  to  rectilir  tl 
enoneoUB  perception.  Dr.  Arnott  bas  adduced  no  iDterestingemnp 
pfthe  optical  e^cl  just  illuilrated.  He  aays  he  "  once  sailed  tluMi) 
■'      "  ''      '  '  '■       ■    fof  ihe  far-famed  Peak  gfT«i 

I  afternoon  of  thu  preceding  di; 


nlOOm 


Bap].oi 


ing  general 


by  appearing  then  only  as  an  ordinary  diatuit  hill  riaiog  out 
ocean ;  hut  neit  moniing.  when  the  ebip  bad  arrived  within  ibM 
tweatymilpBof  i(,  and  while  another  ship  of  the  fleet,  holding  hot  conn 
six  miles  nearer  to  the  land,  aervad  aa  a  measure,  it  stood  displayad  i 
one  of  the  moat  atupendous  single  objecta  which,  on  earth,  and  U  «• 
Tiew.  human  vision  can  command.  The  ship  in  questioD.  wbow  Kill 
showing  its  tiers  of  cannon,  equalled  in  extent  the  fronta  of  leo  Ing 
boua^s  in  a  street,  and  whose  masts  shot  up  like  lofty  steeples.  MiUtf 
peered  butaa  a  apeck  ritingfrom  the  sea,  when  cnmpared  with  the  fang 
pKMninonca  bevond  it,  towering  aublimely  to  heaven,  and  itroimd  wluB 
the  masses  of  cloud,  although  as  lofty  as  those  which  sail  over  the  SM 
of  Britain,  seemed  still  to  he  hanging  low  on  iu  aides.  TenBriffeskm 
of  very  high  mountains,  rises  directly  and  steeply  out  of  the  bosom  i 
'of  13,000  feet,  und  as  an  object  of  contev 
impressire  tboneveu  the  stillloftier  sDmail 
L  of  CltimborHZO  or  the  Himal&yaa,  which  rice  from  elevated  plum  (oi 
n  thl  midst  of  aurroOBtoigfe\\\ft."'  . 

*  Elements  o'  vti.is\tr.,>o         vv  -^^k 


I 

^1  '  VirioDB  optUd  deoeptiona  are  produced  when  we  a 
^^iu^a  of  the  aizea  and  diBtulces  of  objects  merely  by  the  naaal  Hngle. 
^■ThuB,  aay  person  placed  at  oae  extiemity  of  a  long  avenae,  a  gallerj, 
^B«r  ■  TerCilinear  canal,  will  percaive  the  trees  of  tha  avenue  diminislung 
^Bia  faeigbt  as  tbey  are  more  distant,  the  Iwu  langL's  of  treeu  seemiug  lo 
^Veenrerge  toWBrds  eocb  other,  and  come  to  a  point  if  llie  arenue  ia  very 
^T  long;  sad  the  two  sides  of  a  cunal,  and  the  fioor  and  lateral  walla  of  a 

•  ^Uery,  in  the  same  manner,  hecome  coniergent,  and  meet  in  a  point 

•  when  greatly  eiteuded.     These  optical  efleota  nay  bo  imitated  by  con- 

•  atructing  the  sides  of  a  canal  or  alleys  of  trees  in  conTerging  iinea,  tb? 
^      more  diatunt  treea  grodaally  dimioiehiDo;  in  height ;  and  thus  the  ave- 

(uno  or  canal  would  appear  longer  than  tbe  reality.     The  annexed  dia- 
gram may  serve  lo  illus- 
jia          ^_^       ^ — -I         trate  the  apparent  diminu- 
y^  ^..^■^'^I^Z--'  — ^'^^  °^  objBclB  under  dif- 

yC::^^'''''^  feteatvisunl  angles.    Sup. 

B^ —  pose  u  6  to  be  any  obJBCl, 

^5^==^^^  M^  as  a  tree;  to  an  eye  situate 

"^■.   """~- CTt — --~^  ed   Rt  O,  it  will  appear 

\?^---^'>^ — -^  under    the    visual    angle 

VI I  -^d  ^~-~Jj  „  O  fr,  and  the  dimension* 
of  the  image  on  the  retiuB 
will  have  a  certaio  propertion ;  then,  if  another  tree,  c  i,  of  the  aamo 
height  with  the  6rst.  be  placed  as  liir  aj^ain  Irom  it,  the  visual  angle 
will  be  e  O  d,  and  tbe  apparent  height  of  the  leller  tree  will  he  to  Iluit 
cS.  the  former,  iAc'  d'  to  a  A ;  and  if  a  third  tree  be  situated  at  a  further 
diBtance.j/.  its  apparent  height  will  be  lo  that  of  the  first,  as  e'y  toofi; 
that  u,  tbe  spectator  will  see  three  trees  really  equal  in  height,  as  if 
**"        -  ra  three  treea  at  the  same  distance  of  the  relative  heights,  a  h. 


they  were  three 
<<*,  onde-/. 


supposi 


all  II 


IM  equally  distant  from  l 
plain,  remote  objects  tieei 
Bune  reason  tliat  tlie  heaveuB  pret 
aphere  aprinkled  with  stara  ;  for 

eqaidistaut  from  tbe  observer.     A  smatt.  cat^ei       .    . 
fAr  off  appears  to  be  a  small  right  Uue  -,  *  ^X^iA-toii 


ind  tbuB  when  stationed  in  tbe  midst 
circle  srouud  us.  It  is  for 
the  apjeatanoeoE  »,iii3R'»s«'t 


■n  irreguUr  masa,  at  D  disUnceiWilt  look  likea  sphere,  and  yetfurlker 
off  trill  eiliibiL  the  conloui  of  a  Bmeaad  disk.  TliU  bHppem  Kith 
reapeut  to  (be  aim  und  moOD,  whicb  va  see  Hs  circular  diEks. 

Optical  illusiona  bike  pluco  in  con^quenoe  of  Ihe  fibres  of  bodiei 
in  DiotiOD.  If  B  sphere  reTolcing  on  its  mis  be  placed  at  a  distance. 
it  will  be  impossible  to  porceiie  Ihe  mofemcnt,  urdeae  there  bib  cm  ita 
BUrfoce  spots  or  visible  irregQlurideB,  the  BltarDBte  appearaiLOe  ucd 
diflsppeBTaDce  of  which  niaj  be  Dbaerred  ;  and  it  is  thus  oalV  thai  ai- 
tnaaiuura  bare  beea  able  to  aacerlaia  the  rotstiou  of  tbe  bud  end 
the  pianola,  by  obaerring  spots  OD  tbeii  surl'acea,  A  lighted  cuidla  at 
torch  wbirlfld  in  a  circle  at  a  great  distance  nierel/ appears  to  come  and 
^,in  a  line,  from  one  extremity  to  the  other  of  the  diameter  of  the  lurclg. 
Theyisible  paths  of  the  planets  through  the  heoTflna,  in  their  reToln- 
tiona  round  tbe  aun.  thus  have  tbe  appearance  of  tight  lines,  tiooi  oas 
extremity  to  the  other  of  which  each  liuoinary  seems,  to  a  epecUtoi  on 
the  earCb,  alternately  to  advance  and  return. 

The  impresaion  of  light  on  the  eye  is  not  merely  inatantaneoua,  but 
continues  dnring  a  certain  time  after  the  luminous  or  illuminated  object 
baa  been  withdrawn.  From  tbe  eiperimenta  of  D'Arcy,  it  Las  boCD 
BHcerlaiDed  that  tbe  effect  of  light  on  tbe  retina  remains  abont  ^  oi  {  of 
■  second  after  tbe  light  haa  actually  been  removed."  To  this  cause  ia 
to  l)e  HBcribed  tha  circle  of  light  formed  by  whirling  TouDd  a  bunuoE 
•tick,  B  phenomenon  with  which  eyery  one  must  be  acquainted.  Mi 
on  the  same  principle  is  conslrucled  Ibe  nmuaini;  toy  called  the  Than- 
inatrope.t  contrived  by  Di.  Paris,  and  described  in  hia  "  Pbiloaoplij  ta 
Sport  made  Science  in  Eameat."  -  ^ 


It  eooauM  of  a  number  of  circular  esrdB.  hiving  silk  Btiioga  ilUchpd 
Ilk  th»ir  opposite  odgos,  ai  represenled  in  the  preceding  figure*.  By 
Aet»  Btrioga,  one  of  the  carda  being  tvirlsd  round  irith  a  certain  velo- 
■Hj,  bolii  aides  of  it  nil)  be  lisible  at  the  game  time,  and  aav  objects 
'toloed  aa  them,  as  a  dog*  on  one  sjde  and  a  tnookey  ca  the  other,  may 
fca  perceived  Bimaltaneoualy.  Hence  the  parts  of  the  picture  being 
feoited,  when  it  is  whirled  rouod,  the  luocikey  will  be  iit>en  seated 
•o  the  back  of  tbe  dog.  In  tliia  case  the  revoUiag  card  becomes 
Ritedl^  transpareat,  so  that  the  objects  on  opposite  aidea  of  it  may  be 
riewed  ti^ther,  nearly  as  tbey  would  be  if  painted  on  the  tn-o  surfaces 
of  B  plate  of  glaas.  Animpnuemenl  of  the  thaumatrope,  aa  alrendy  de- 
•oribed,  lias  been  madehy  the  inventor,  which  consialsin  altering  th? 
■tzia  of  rolstian,  while  tbe  card  ia  reTolving,  in  order  that  the  im^ea 
bD  its  opposite  sides  may  be  brought  into  difierenl  positions  with  re- 
.  tpea  to  each  other.  This  ia  iOKOnionaiy  effected  by  affixing  two  elastic 
Hiings  to  one  or  both  aides  of  the  card,  niiich  are  ao  connected  as  to 

linti  of  thB  horder.&coording  I 
■jtplied  to  them.    The  sppearauoes  oihibited  ai 

rwndewd  more  nmuaing.    A  card,  with  ahorse  on  one  sine 
on  the  other,  may  by  twirling  it  he  made  to  show  the  rider  ii 
dun  by  merely  lightening  the  siting,  while  the  card  continueii  re- 
^Olring,  the  jockey  may  be  seen  as  if  making  a  summerset  oier  the 
bMd  of  his  steed  :  an  Telaxiag  the  string  be  will  a^in  oppeat  in  the 
Uddle,  md  by  rerious  do^jreea  of  tension  other  postures  may  be  dis- 
placed.     Many  singular  effects  may  he  produced  by  modifications  of 
&e  maohinery,  all  depending  on  the  continnaDce  of  the  impression  of 
L       ti^ble  objects  an  the  retina  during  the  space  of  about  oae-eighlh  of  a 
I     Hooiid,  w>  that  the  figures  on  either  side  of  the  card,  when  it  is  made 
B      to  ravolTS,  are  renewed  before  the  preceding  impression  has  oeased  its 
B      BBlion ;  and  consequently  the  figures  on  both  aides  uf  tbe  card  ue  seen 

■  ate 

I        ^ 

■  Fha 
B     fnl< 

■  aec 

B  Fan 


ind  a  jocWey 


Another  cuTions  machine  has  been  recently  inrented.  called  the 
Fhautascope.  or  Phnnta9Tnaacopi>,*  tbe  effect  of  which  further  illus- 
fnlea  the  pheoamenan  of  the  perception  of  risible  impressions  dnriog 
a  certain  period  after  the  objects  producing  them  are  withdrawn.  Mr. 
Y  Faraday  eabibited  at  a  meeting  of  the  loeiubeti  o?  tine  ^ji-iiivVrtJ&'.i..* 

•WnmttrOroel  ♦(fjTatr^a,  aapertaelo.  ■nft'S*'*'"^'*-' 


ft  phenomeoB  in  the  cue  of  figures  Men  thrangli 
'ar  diBlts  of  pastahostd.  wilh  deep  Dsrrovr 
a  iraaspHTTnt  atur,  liigblr  illuioiiinted,  be 
plaoed  bdnnd  B  diiik  of  [niBtebinird  or  blackened  tin  plate,  irilii  aaingla 
narrow  opening  extending  from  the  circumference  to  the  centre,  it  ttiII 
neceBsacilj  hide  Che  whole  of  ihe  stnr  except  that  part  inuDediatelj  ap- 
posite tbe  opening;  but  if  die  disk  be  made  lo  rerolre  rapidly,  the 
(FholealBT  will  become  vinble;  as  mny  eaailj  be  CDOceited  fiomnbHthac 
been  etatedqtlative  to  tbe  duration  of  impreisions  of  light  on  the  relini. 


I?l 


10  cogs 


mlOBtope  the  paatebonrd  dista  ste  painted  with  n  va 
,  diHerent  poaitking,  and  ihe  bordersi  of  (he  diake  t 
or  le«tb,  lesring  openiiiga  between  tbem,  wben  mai 


n  lookins;  at  the  obiects  as  eihibited  in  a  miir 
Ibey  wiJI  diaplaj  ilie  most  diTprsified  and  g. 
ittilucieB. 
bus  ths  lignres  ^rep  in  tlie  preciiding  cut,  when  properly  viem 
'''  ill  appear  to  bs  pirouetting,  like  bo  manj  opera -done  erg.    ThU 
nenon  ■■  owing  to  the  imi^^  of  each  Buccessire  figure  remainiikg 
Mdd  on  the  visunl  organs  about  one-ei^blh  of  a  sscond  after  it  u 
I.  BO  that  everv  figure  becntnea  combinsii  with  the  next,  and  iscon- 
f  in  Ibe  art  of  toruinp ;  and  from  the  rapid  Fevola- 
of  the  wheel  all  the  fignrea  apjieaTlo  be  in  motion,  turning  Bimul- 
onslrin  the  aame  direction.     Uv  different  arrnni^ernenls  of  (be 
aried  designs,  may  ba  eihibiled  in  a  aimilar  manner, 
fignies.  jumping  trogs,  creeping  aerpents,  and  a  mulliplioit^ 
Btrsnge  combinatiouB. 
One  of  the  moat  curious  ftcts  relating  to  the  fsotilty  of  viBton  is  the 
idute  inaenaibility  to  the  impression  of  light  ntacertain  point  of  the 
Sdi,  io  that  the  image  of  any  objeict  falling  on  that  p«mt  would  be 
risible.     When  we  look  with  the  right  eye  thia  Doint  will  ba  about 
•iag.  to  the  right  of  the  objeil  obaetTcd,  or  to  the  right  of  the  lu  ' 
ibe  eye,  or  the  point  of  most  distinct  viBion.     \Vhen  looking  w' 
llaft.eje  the  point  will  be  as  far  to  the  left.     The  point  in  questic^l 
thabaeiB  of  the  optic  nerre',  and  its  ioBenaibility  to  light  was  &--■ 
VBTTsd  by  the  French  philoaof^er  JMariotte.      Tbia  remarkable  pi 
■lenon  may  be  eiporimBntally  proved  by  placing,  on  a  aheet  (. 
idng-pifieT,  at  the  distance  of  three  inohes  apBtt,  two  colouiwiM 
aum  on  looking  at  the  left-hand  wafer  with  the  right  eye  nt  dMfl 
of  ihout  a  foot,  keeping  the  eje  atraight  above  (he  wafer,  and  J 
eyea  parallel  with  the  line  whioL  joins  the  wafers,  the  left  eye 
-  olosed.tbe  right-hand  wafer  will  become  in  !  idbla  ;  and  a  similar 
will  lake  place  if  we  cloiie  the  right  eye,  and  look  with  the  left. 
"-    "  Daniel  Bernoulli,  this  insensible  spot  is  about  ,  part  of 


Mninge 


if«n.^ 


p  ibe  moBt  nrikiog  uod  impotlfcttl  ijTO^tvei  o^  \-v^ "" 
Sot 


OPTICS. 

of  communicsling  cotaur  to  boilieH.  Populu- luigaage  laaribes  the  ei- 
iitenoe  of  colours  to  Bome  inbertiDt  quulities  of  tiissub«tiiDDesotiwhiiBe 
■urfaeeB  we  perwtTs  them  ;  and  iIiub,  ia  using  the  phniaea  ■  red  brick 
or  B  grem  wiifer,  an  iininformed  person  would  conceiTethe  redneaof 
tbe  brick,  or  Ihe  green  tint  of  the  water,  to  be  ai  much  peouUu  profMi^ 
ties  of  tbnae  bodies  ss  the  cjuadnn^Ur  shape  of  the  one  and  the  cir- 
eular  figure  of  the  other.  But  we  find,  trom  eiperiiuent,  thu  thoDgh 
colour  penlj  depends  on  the  toituro  of  mibstsaces,  and  the  iHrtDre  ol' 
their  Burfaces,  the  essentiidly  efficieot  eauae  of  colonr  is  light,  siitcs  not 
onlj  are  bodies  destitute  of  coIddt  in  tbe  abseace  of  light,  bat,  ■«  will 
be  Bubsequeiidy  shown,  their  colours  maj  be  attered  by  ■tibjectin<;  n> 
eertnin  modiliostions  the  light  bj  which  they  are  rendered  viaibt*. 
Hence  it  bappeni,  that  nriously  coloured  objects,  the  pecuUftr  tintiof 
whirh  are  digi^iiminated  witboat  difficulty  id  broad  daylight,  ukht 
to  wexr  tbe  taxae  hue  in  tbe  dusk  of  Ihe  ereniog,  or  by  candle-.faglil. 
It  may  therefore  be  properly  stated,  that  the  colour  of  a  substmcs  b 
the  tffect  of  light  on  a  eurface  adapted  to  reflect  its  peculiar  colour. 

The  influence  of  light  ia  the  production  of  coloar  ia  remarkablj  mo- 
dified by  relVnetioii.  Thisofieot  of  light  is  most  coaTeaiemly  exhibited 
by  mnani  of  ■  triangular  prism  of  glass.  If  such  a  prism  b»  held  with 
one  of  its  angular  edges  opposite  to  the  eye,  the  objects  seen  ihrangltit 
will  not  he  doubled.  Da  whon  viewed  directly  through  one  il  the  Sal 
sides  of  the  glass,  hut  they  will  be  more  or  less  elongated,  nncordingto 
the  angle  at  which  the  jinsm  is  belli,  and  will  also  be  clothed  with  all 
the  colours  of  the  rainbow. 
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Tba  disncttan  of  a  rnj  of  sotar  liglt 
■c^Sd,  maybe  more  accurately  displB^ 

.  apartnre  in  a  window-abatter  into  a  datkened  chanibar,  and 

hbi  &U  OD  a  diaphanous  prisnit  A  B  C,  as  repreeeutad  in  tbe  precediog 

Vgore.     A  ray  D  thus  ouleriDg.  sad  audered  to  posa  uuobauucted, 

irould  form  on  a  plane  auriaca  a  circular  diak  of  wbite  light,  E,  but  the 

nsm  being  ao  placed  that  the  ray  may  enter  and  quit  it  at  equal  angles, 

lOTtUbarorraotedinauchamanDeraatoibnnonaGoreen.  MN.pro- 

ly  placed,  an  oblong  inaga  called  tbe  solar  spectrum,  and  dinded 

Dtally  into  seven  aoloured  apaces,  or  bands  of  unequal  extant, 

iding  eacb  other  in  the  order  repieaeuted :  nd,  araugt,  yeilM!, 

blot,  tniJifu,  vinltt.     These  banda  ara  not  aepatsted  by  disUnct 

ao  that  it  is  diiEcult  to  delennine  where  one  enda  and  another 

imenoei.  the  aeiend  tinta  at  their  bordera  being  blended,  and  each 

oM  imperceptibly  united  vitb  those  next  it  i  tlie  whole  spectrum 

ibiting-  the  aeyen  prinoipal  coloura,  with  iatermediste  shades  oi 

[torfls.     Indeed    some  writcra  enumerate  but  ail  coloura  In  lb* 

~ie  indigo;  and  Dr.  WellaatoQ  obaorred. that wbew 

iTeiy  aDall  ray  wiia  submitted  lo  the  prism,  there  were  only  four  c<k 

'"  1,  namely,  red.  yelLviiilt-grftTi,  bL«t,  and  vinUt.     Bands  of  coloiUK 

I  pieciaely  terminalsd  may,  honerer,  be  obtained  by  receiiing  tjba 

HI  «  teas  before  it  ia  allowed  Id  fall  on  the  priam  ;  and  the  imqa 

formed  will  be  mora  extended  in  length  and  rery  narrow.  , 

Similar  pheaoraeuB  may  be  ptoduced  by  means  of  other  kinds  o^ 

that  of  Uie  sun  ;   and  all  traiuparent  substances,  in 

Bes  not  terminated  by  parallel  aurfaces,  hare  in  aome  degree  the 

le  e&ect  as  the  glass  priam.     Hence  the  diamond,  aappbire,  (opai, 

1  other  precious  atones  cut  in  tacets,  display  the  priamalio  oolours  : 

ilso  do  angular  crystals  of  quartz,  Iceland  a  par,  and  many  aatine  and 

ly  aubstanceaj   (he  cut-glass  omamenra  of  lustres,  &c.,  exhibit  tbe 

le  glittering  tinta,  by  lamp-liKht ;  and  the  refraction  of  the  buh'k 

passii^  through  diopa  of  water  producea  a  like  affect  id  At 


I 


■ibow. 

From  the  preceding  and  mnnr  other  eiperimenta  nf  a  similar  o. 
r  Isaac  Newton  waa  led  to  the  tonatruGlioo  of  a  llieory  relati 
a  caiue  of  light  and  oolours,  which  was  dunn^«Vto%V'<^<^> 
aremllf  eeeaived  nmoog  man  ot  acience.  TW,  v"A»t\iEii 
rtti  tpeclai  by  tbe  TBtractioD  or  te8wit>oiiot\^^V^«^^*™' 


OPTICS, 

long  lierore  Newton  commeiict^i)  his  researches,  and  some  inperfMC 
■ItempU  had  tifieo  made  10  explain  tbe  phmomean;  but  be  nal  only 
shuired  that  these  conjectares  were  wholly  unsatUritctDrr,  but  alw 
propoaed  a  highly  ingenious  hypothesis,  founded  on  the  doctriiie  of 
the  aminatioii  of  light,  or  thtt  system  which  raters  the  phenomeaa  of 
riaiou,  light,  and  colours,  to  the  preseaee  :iad  molion  of  ui  ethereal 
fluid,  constantly  issuing  from  the  aun  and  other liuninoua  bodie«,  "The 
sun's  direct  light,"  says  Professor  MacUurin,  "  is  not  unifrmn  in 
respacl  of  colour,  not  being  disposed  in  every  psrt  of  it  to  ex- 
cite tbe  idea  of  whiteness  nhich  tbe  whole  raises ;  but  oa  the  eon- 
tnu-y,  is  n  composition  of  dilferent  kinds  of  rays,  one  sort  of  whicb, 
if  alooe,  would  giro  the  sonsB  of  red,  another  of  orange,  a  third  of  yel- 
low, a  fourth  of  green,  a  fifth  of  light  blue,  n  siith  of  indigo,  and  B 
■Btenlli  of  Fiolet ;  all  these  lays  logether,  hv  the  minture  of  dieit 
aensationa,  impress  upon  the  organ  of  sight  the  sense  of  whilensu, 
though  each  my  always  imprinta  there  its  own  colour;  and  all  thedif* 
Terence  between  tbe  colouca  of  bodiea  when  viewed  in  open  daylight 
uriaea  from  this,  that  coloured  bodiea  do  not  reflect  all  sorts  of  r^'s  fall- 
ing upon  them  io  equal  plenty ;  tlie  body  apjiearing  of  that  colour  of 
which  the  lig-ht  coming  from  it  is  most  composed."* 

Hence,  according  to  tbe  theory  of  emanation,  white  light  ii  an  ai- 
Bemblage  oCmoleculeH  of  vahous  colours,  which  may  be  separated  ftom 
each  otliec  by  the  action  of  a  prism  ;  and  bodiea,  when  eiposed  to  the 
rays  of  the  aun,  display  any  given  colour  because  they  «rs  so  consti- 
tuted as  to  absorb  nil  the  molecules  except  those  of  t^e  rays  of  cheit 
own  peculiar  colour :  thus  perfectly  white  substances  absorb  none  of 
the  molecules,  hut  reHect  tbe  white  or  compoond  light  unaltered ; 
black  substances  absorb  all  the  ravB,  and  therefore  yield  no  colour; 
and  red,  yellow,  and  blue  subatances  respectively  reflect  Ihoae  fays 
■lone  by  which  they  are  distinguished.  The  least  that  can  be  aaid  in 
favour  of  this  lyatem  is.  that  it  accounts  for  all  the  phenomeoB  ;  but  it 
must  be  admitted  that  the  notion  of  material  particles  perpeiuaUy  m- 
Tsrsing  space  in  all  directions,  with  almost  infinite  velocity,  is  abso- 
lutely gratuitous,  end  hardly  consistent  with  the  aimpliciiy  and  economy 
gooer^y  observable  in  the  works  of  nature.  The  appearances  likewise 
may  be  explained  by  having  recourse  to  a  different  theory,  advanced 

*  Madaurln's  Phllosophr  of 


I1TP0THESI8  OF  LL'MINIVEROUS  UNDU: 

l^Huygeiu,  uid  ulTDcnted  hj  Euler,  whiofa  refers  ihem  to  the  excite- 
meat  uid  propBuatloa  of  uudulationii  llirougb  an  ethereal  fiaid  pervad- 
ing kll  space,  nbicb,  bj  iuconoeiTably  lapid  Tibratioas  coiiTeys  white 
M  coloured  ligbt  la  the  eye,  id  a  mannec  annlogous  U  ibat  in  which 
musical  end  other  Bounds  are  brought  b?  slower  Tibratioua  of  the  air 
ts  the  ear.  "  Every  aimplo  colour,"  according  to  tbia  ayatem,  "  do- 
pmds  on  ■  certain  number  of  vibrationa  whicb  are  porformed  in  s  cer- 
tain time  (  BO  liiut  this  number  of  vibrations  msde  ta  t,  second,  deter- 
nuBes  the  red  colour,  another  the  yelluw,  anochet  the  gieen,  Bnother 
Iha  blue,  sad  another  the  violet,  nbich  3X9  the  simple  colours  repre- 
Baated  to  us  in  the  rainbow.  If,  tlien.  tlie  pBrticlea  of  the  surface  of 
noilain  bodies  nee  disposed  in  such  a  moaner,  that  being  agitated,  they 
make  in  a  second  as  many  vibrations  as  are  Decessaiy  to  produce,  for 
•sample,  the  red  colour,  I  call  such  a  body  red. — And  rsys  wbieh 
Baake  such  a  number  of  vibntions  in  a  second  may,  nich  equal  pro- 
priety be  dejiominaied  red  raya  ;  E;ud,  finslly.  when  the  optic  nerve  is 
ifiKted  by  these  sama  raya,  and  ruceives  rrom  tbem  &  Dumber  of  im- 
fmloians,  sensibly  equal,  in  a  second,  we  receive  the  sensation  of  ilie 
Ted  Dolour. — The  jiarallel  between  sound  and  light  is  so  parfeot  Ihal  it 
bi^ds  even  in  llie  minutest  circumstunces.  W  ben  1  produced  the  phe- 
flofliaDon  of  a  musical  chord,  which  may  be  excited  into  vibration,  by 
tftfl  TBaoaance  only  of  certain  sounda,  you  will  pleaae  to  recollect,  that 
Ibe  one  which  gives  the  unison  of  the  chord  in  question  is  the  most 
pnqiei  to  shake  it,  and  thsl  other  sounds  affect  it  only  in  proportion  ss 
tttay  are  in  consonance  with  it.*  And  it  is  exactly  the  same  as  to  light 
mi  colours ;  for  the  different  colours  [of  the  solar  spectrum]  corre- 
^Kmd  to  the  different  musical  sounds. "t 

It  ought  to  be  observed  tliat  while  the  phenomena  of  ligbt  and  colours 
-Bay  tte  accounted  ibr  according  to  the  system  of  emanatiou  or  that  of 
■SBdnlatian,  it  is  not  absolutely  necessary  to  gdopt  either  in  reasoning 
Aoacemiug  them  :  and  it  will  be  sufficient  here  to  state  that  rava  of 
light,  whether  they  be  trains  of  maleriul  psrticleB,  issuing  from  iumi- 
aiaus  bodies,  or  chains  of  undulationi  taking  place  in  an  ethereal  nt«- 
ipsgated  in  right  lines  till  they  enter  or  impinge 


dioin,  are  hIwe 
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on  a  retrBCting;  or  reflecliag  medium,  irlien  thej  are  eilho  bant  nl  c«- 
iHiu  HDglea,  or  rerurned  in  ilie  iniue  lines  in  nlucli  the;  odTBDceil ;  ami 
tliua,  wben  a  luminaas  niy  ii  cettacled  <n  reflected  it  atill  proceeds  iix 
d  rigbt  liae^  though  tbut  liae  may  not  be  parallel  iritb  ila  <jtigiatl 
direetiDii. 

If  tbe  coloured  image  obtained  by  meaDi  of  a  glau  prism  be  axtauded 
longitudiuallj',  bf  making  it  first  pasu  tbrougli  a  oonvei  lenB,  it  will  b« 
found  that  tbe  nya  of  diS'ereat  colours  [loftseSB  diflerent  degreea  oi  re- 
FruigibilitT,  or  are  variously  refracted  by  tbe  sama  medium.  Tka 
ted  tiiiiwliicb  forma  the  inferior  baod  of  ibe  ipeclrnm  produced  by  lbs 
appurnlus  above  deBcribed,  coniiala  of  raja  wliich  bnva  uadergDoa  t 
nmsller  de^eeof  refraction  tbaa  thoae  which  consti tote  the  oi&oge  tint, 
tbe  latter  are  somen-hiit  mora  refracted  tbnn  ibu  yellow  raysi  tbe  refrac- 
tion ia  greater  in  tbe  other  ravs  succoastvely,  and  moat  considerable  in 
tbe  violet  rays,  wbicb  tberefora  form  tbe  colour  of  the  superior  hand  of 
ibe  sjiectrum. 

If  after  the  solar  spectrum  baa  been  rendered  more  distmct.  by  sub- 
jecting a  beam  of  light  to  a  lens  before  it  is  refracted  by  the  prism,  an 
aperture  be  made  in  the  screen,  ou  which  it  is  reoeiTod.  opposite  la  any 
one  of  ihe  coloured  bnnds,  a  small  pencil  of  light  similar  to  that  of  the 
band  tvitl  pass  through,  and  if  it  be  refracted  by  a  second  priam,  and 
ev«n  agaiu  by  a  third,  and  thea  received  on  another  screen,  it  will  noI 
he  decompoaed  any  further,  but  will  produce  a  circular  image  of  a  uiii> 
form  colour  corregpondiDg  with  that  of  the  band  of  which  it  oriEinilly 
formed  a  portion.  By  a  similar  method  tbe  vsrioua  refraogibilitT  of 
the  diflerently  coloured  raya  may  be  fiirtbar  demonatrated.  For  this 
purpose  it  is  only  Deceggaiy  lo  make  tbe  brat  prism  revolve  alowly  oB 
its  axis,  and  thus  each  part  of  tbe  apectrum  will  tmnsmit  ita  rays  sue- 
cesaively  through  the  aperture  iu  tbe  Bret  screen,  and  form  a  BUCcesaioD 
of  little  circular  imnges  on  tLe  second,  traced  at  different  heights,  tbe 
violet  colour  appearing  atroDgest,  the  red  weakest,  and  the  inteime' 
diate  tints  varying  as  they  are  nearer  to  one  or  the  other.  Thus  may 
be  produced  an  ateendin)[  or  descending  procession  of  images  on  tfa* 
screen,  by  turning  tbe  firat  priam  in  one  direction  or  tbe  other. 

Rsjs  of  light,  when  reflected,  exhibit  propertiea  aualogous  with 
ibnse  which  they  abow  when  refracted  ;  those  coloured  rays  which  are 
most  refrangible  being  also  tbe  most  refleiible  ;  so  that  the  violet  is 
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. .  readily  iSma  lbs  iodigo,  tbe  latter  more  than  tlie  blu?, 

iad  the  othent  in  Buaceaslon  becnming  less  aad  leas  refleiiUe,  and  the 
o{  alt.  This  order  of  reflaiibility  exploina  ia  Bome  measure 
tint  of  the  hearens ;  for  the  atmosphere  being  a  refleotingme- 
diiUD,  those  rays  mnat  subject  lu  reflection,  namely,  those  which  are 
Violet,  indigo,  and  blue,  aru  refleL-led  most  abundantly,  and  bence  the 
■ppearance  of  the  unclouded  celestial  inull.  To  a  similar  cause  ia  to 
fee  Btlribuled  the  bluiah  tints  of  distant  mountains,  often  imitated  with 
(Teat  effect  by  landscape  paintera.  in  the  display  of  aerial  perspective. 
Aa  the  decompoeition  of  solar  light  into  Turiousty  coloured  rays  may 
>  exhibited  by  the  means  already  stated,  so  tliere  are  methods  by 
wUch  while  light  maybe  composed  by  uniting  the  difierent  coloiu^  of 
»fc«  «i1bt  apeclmm  into  one  image.  This  may  he  most  perfectly  effeeted 
■y  OBUsing  the  speetmm  to  pass  throngh  a  conTei  lens,  und  receifing 
se  itcage  on  a  card  or  screen  placed  in  the  focus  of  the  lens,  where  a 
ircular  disk  of  white  light  will  he  formed.  A  mixture  of  seven  pow- 
«H  tiDted  as  the  priamalic  colours,  and  in  the  prapDrtioDs  of  the 
breaddis  of  the  several  corresponding  bauda  wilt  produce  a  whitisli 
ipoaod }  and  seven  coloured  wafers  fired  at  proper  dislances  on 
border  of  a  circular  piece  of  pasteboard  would,  wben  it  was  whirled 
passing  tbroui^b  its  centre,  diapliiy  a  wheel  or  circle  of 
HUH  more  or  less  approaching  to  white. 
InKead  of  reuniting  all  therayi  of  tlie  prismatic  spectnim  by  meini 
■  lens,  cBrtaio  parts  may  he  united,  a  acreen  being  placed  to  inter- 
■apt  the  others,  when  tbe  imai;e  produced  will  not  consist  of  whits 
'  ular  tints  resembling  some  of  the  siniple  colours  of 
liua  the  yellow  and  the  blue  will  form  a  green,  the 
yellow  and  red  an  orange,  or  tbe  red  and  blue  a  violet  tint ;  bat  thess 
(rtiScial  colours  are  distinguishable  from  the  original  coloura  corre- 
fpondiDg  with  them  by  their  susceptibilily  of  decom position  into  their 
eooBtitueot  parts  wben  transmitted  anew  through  a  prism.  However, 
tbough  certain  colours  thus  reunited  form  coloured  mixturea.  there  are 
dlher  coloura  which  when  united  by  a  second  imnimiasion  through  a 
CODiex  lens  reproduce  white  light ;  and  these  are  termed  complemenl- 

As  the  coloured  rays  that  oompnge  white  light  have  diaereotdegreaa 
of  rerrangibility,  it  follows  that  a  pencil  uf  rays  of  li{;bl,  as  E  F,  in  the 


margJnBl  figure,  filling;  on  a  lent  ABt 


'ing  Ibf  t 


TelVin- 


le  will  be  brought  ton  Tocus  sooner 
than  the  other  rays,  as  at  C,  Kid  thft 

H    Ted  rays  wluch  are  lh»  leait  reftnn- 

gible  will  meet  in  a  focus  as  at  U, 
B  the  mtermedials  rays  meetiag  at  re- 

latLve  distances  between  tLoae  two 
points.  Heoce  the  imagies  which  are  formed  at  the  fbcus  of  a  tens  will 
be  snrronniled  by  vaiious  colours  canstituting  what  is  termed  an  iris. 
It  ia  likewise  obviouB  that  those  rays  which  enter  the  leua  near  it« 
border  will  be  more  disjierBed  tbau  those  which  pa«s  through  near  iu 
>xis.  Thus  when  an  object  is  vie'ced  tbroagh  a  single  glass  lens,  tfas 
parta  of  it  most  distaal  from  the  centre  will  be  deformed,  and  BS  jusl 
obserred  surrounded  by  a  coloured  irradiation. 

It  has  been  shown  [hat  rays  of  light  in  paaaing  through  different 
trtnapareut  media  are  more  or  loss  reftaoted  or  diTerted  from  iheit 
original  direction  ;  and  tbat  the  degree  of  reCraclioa  which  light  under- 
goes raries  with  the  medium  through  which  it  pooaes.  The  manner 
alsa  in  which  light  is  affected  by  being  made  to  trarerae  a  refracting 
substance,  the  sides  of  which  are  not  parallel  to  each  other,  as  a  prism 
of  glass  or  crystal,  has  been  stated ;  and  tbe  phenomenon  of  the  pro- 
duction of  coloured  light,  from  the  dispersion  ornni^vais  of  the  rays  of 
white  light  has  been  generally  illuitrated.  Sir  Isaac  Newton,  in 
I  maldnghisoriginaleiperimeQlsonsolar  light  with  aglass  prism, ascer- 
tained thut  the  rclatiTB  breadths  of  the  coloured  spaces  iu  the  priamalic 
ipectrum.  anppoiing  its  whole  extent  to  bei  divided  into  ^D  parts, 
would  be,  far  the  red  atripe,  4S  parla  i  for  the  orange,  !T ;  far  the  yel- 
low, 48  i  for  the  green.  60  ;  far  the  blue.  60  ;  for  the  indigo.  10  ;  sod 
fbr  the  violet.  80.  These  unmbers,  honerer,  are  by  no  means  ctHistant, 
dopending  on  the  peculiar  nature  of  the  refracting  body  employed  lo 
dissect  a  ray  of  white  light ;  and  itiaa  very  singular  circumstance,  thM 
tiiaug-h  Newton  made  use  of  prisms  composed  of  different  aubHaaoM 
in  the  prosecution  of  his  researches,  yet  he  neglected  to  obaerrs 
tiisl  the  dispersion  or  divergence  of  the  difierenlly  ooloared  iSya  is 
greater  tbea  produced  by  aonte  ntwAv^  media  than  by  othns : 
ae  tberafore  erroneously  ooncVuieA  ftiM.  ■&«  -MfaM&ia  «»&  *ivB^m\i« 


pawen  of  bodies  always  conespoaded ;   but  tl 


a  far   from  beiog 


of  D  c&uaideTable  Dumbfr  of  transp ureal  solids  and  Buida 

lu  light  transmitted  tliiougb  them  have  been  Bsceituined 

Sic  D.  Urewster  and  otfaer  acientifio  inc)uiretB,  and  tables  of  their 

powers  have  been  oonatructed,  from  vrbich  it  appears  that 

'  the  retraclite  ponera  of  •arious  bodies  hold  qd 


ffigperii' 


gaSDItB  proportion  to  eac 

—  .  The  ofiBot  of  prisma  C01 

h>r  of  whhe  liebtmar  be  eiulained  by 
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ingsubst 


OUof 

fjK*^  diiersitj  of  disperaive  ] 
tram,   auch  as  would  be  foil 


the  ^lioniug  figures. 

transparent  liquids  which  exhibit 

lower.    Suppose  A  B  to  represent  a  spec- 

ned  by  traosmittiiig;  a  solar  ray  Ihraugh  a 

prism  hsFing  its  aides  of  glass,  and  filled 

with  oil  of  cassia]  and  A'B',  a  similar 

produced  by  a  prism  filled  with 

ic  acid     Then  it  nil)  appear  that 

t  refrangible  colours,  red.  orange, 
nombered,  l,  3,  3,  will  be  more 
led  in  the  spectrum  A  B.  or  that 
by  the  oil  of  cassia,  than  in  A'  iii, 
formed  by  the  sulphuric 
acid     and  that  the  moat  refrangible  co- 
loura    blue,  indigo,  violet,  o,  6,  7,  will 
e  expanded  in  the  former  speo- 
trum  than  in  the  latter  :  tlie  eaatre  of  one 
spectrum  lying  just  within  the  blue  apace 
in  theUneC  C.and  in  the  other  that  line 
diviliog  the  green  apace,  but  less  un- 
equally      llenae  the  coloured    apaoes 
bear  not  the   seme  proportion  Co  each 
other  as  the  Itmgtba  of  tbe  apectisi  and 
■.B  is  termed  the  irrationulity  of  dispenion, 
m  irrationaUty  of  the  coloured  spaces  in  the  apactrum. 

On  Ibis  inequality  of  diaperaive  power  amoni;  transparent  bodiw  _ 
Bv^tapaadBtheooDHlntction  of  those  optical  inatrumcuUcaJlAA.  IE 
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or  BphmMic,*  InlEicapeB ;  bj  means  of  wliicli  chs  calaured  frin^a 
null  other  lirfecls  in  iinapia  formad  hy  b  single  leng  are  removed, 
or  prevented  froiu  interfcriuf;  vjtb  (he  diElinct  observMioD  of  thn 
objecl.  The  principlo  on  irhich  this  u  efiectpd  is  b;  combining  to- 
gether rafrwting  aubstaneea  poBieising  diflerenl  disperaive  panels,  in 
such  a  maoner  that  the  aberration  cauied  b^  one  ihall  be  countemoled 
orDentratixed  by  the  opposite  effect  of  tlie  other.  Suppoie  acompoond 
priam  A  li  C.  as  represented  in  the  diagram  belo<r.  lo  1ie  fatmed  by 
jotuiog  two  prisms  A  CD,  and  DC  B,  composed  of  the  sBrae  aub- 
Htance  ;  then  if  a  rair  of  white  ligbt  be  made  to  fall  on  it,  an  imi|^  of 
the  apeetrum  nill  be  obtained,  the  colours  of  wbich  nillbelessdiBlincV 
g  tban  they  would  have  been  if  tbe  prism  ACD 

alone  had  been  employed,  beoeuse  tbe  li^t  de- 
composed by  the  firat  prism  iviil  be  partiallr 
recompoaed  in  paBsing  throug:h  the  second^ 
and  it  would  be  entirely  so,  if  B  C  wet^^wrJlel 
to  A  B  ;  because  tben  the  second  prism  bar- 
ing- the  same  dispersive  pover  as  the  first. 
would  he  BO  placed  aa  to  counteract  its  efieoC. 
If,  instead  of  employing  two  priama  of  the 
eame  kind,  one  of  the'prisma,  D  B  C,  be  com- 
posed of  a  substance  the  dispersive  power  of  which  is  much  stronger 
thanthstof  iheolber,  A  D  C.  the  nija  dispersed  iu  passmg  through  tbe 
former  prism  will  be  re-collected  by  the  avcond.  and  an  achitmatto 
prism  will  thus  be  formed.  If  the  refringent  power,  likewise,  of  Ike 
prism  DB  C  be  theasme  with  that  of  the  prism  AD  C,  therelraoeiatl 
will  DO!  be  cameled ;  but  iftbe  refringent  power  of  DB  C  is  tbe  great- 
est the  refractioa  will  be  in  some  degree  corrected. 

It  is  praoticBlIy  impossible  tn  form  a  perfectly  acbromntic  prism  b^- 
nsnae  tbe  dispersive  power  of  different  tranapareDt  anbatances  differs 
with  respect  to  the  differently  coloured  rays,  Bui  the  effect  may  be 
produced  with  regard  to  any  two  colours ;  iind  it  is  therefore  usual  ID 
take  the  eitremea  of  the  spectrum,  namely  the  red  and  violet,  or  dw 
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wera  formed  by  uniting  a  eoQTei  willi  a  concave  giau  is 
a  H  manner  that  tlie  nys  ebould  become  deprived  of  Doloor  afler 
ling  from  it,  ihey  would  resume  their  original  psrallel  direotiooi 
t  u,  tbeooloriEatioQttnd  the  refrBctioo  jirodtiaed  by  the  convex  ^laM 
lid  be  destroyed  both  together  by  the  concave  one,  sod  the  ivj^ 
U  not,  Ibererore,  he  united  in  a  focos.  1  be  efient  of  singis  convsK 
■ei  in  producing;  an  iadistinct  imnge  with  h  coloured  fringe,  termatf 
naatic  Bberration.  previously  noticed.  wiU  be  auch  that,  "  fbr  pa. 
al  Tiji,  the  circle  of  Jesat  chromatic  aberration,  or  of  least  cdIooi, 
I  hare  the  same  absolute  magnitude,  whatever  be  the  focal  length  of 
leDB,  provided  the  aperture  remains  the  same.  Now  since  in  a 
^aoope  (with  a  ^ven  eye-glisa)  the  image  is  magnified  in  praportioa 
Ae  foou  length  of  the  object-glnsa,  it  foflawa.  [hat  br  innr^ttiug  thr 
•1  length  the  magnitude  of  the  image  incresaee,  while  that  of  the 
ouredboiderremaioatbeaBme  :  by  continuing,  therefore,  to  increase 
I  fbell  len^  we  K«t  on  inm^s  sa  much  magnified  that  the  colour 

}>  were  naed,  in  order  to  correct  the  aberrations  and  eecure  a  due 
mtity  of  light,  it  was  necessary  to  have  telescopes  of  vary  unm*- 
ftMa  len^.  Some  of  those  constructed  by  Huyghens  were  of  one 
idred  and  one  hundrod  and  fifty  feetfocal  length."*  Newton,  aJW 
nafmiB  attempta  to  render  refracting  telescopes  more  portable  sod 
iMiva,  ibund  himself  foiled,  in  Donsequeaoe  of  the  inoorrect  opinion 
bad  formed  concerning  the  correspondence  of  the  dispersive  with 
>  Tefringent  powera  of  bodies,  and  therefore  inferring  that  "  theim- 
^ement  of  the  refracting  teleacope  was  desperate,  "t  he  devoted  hia 
are  attention  to  the  construction  of  (eleacopes  of  ■  different  kind, 
trhicb  the  imnges  of  objects  are  farmed  by  refieclion.t 

Ihat  which  was  despaired  of  by  (his  great  man  bas  fortunately 
icomplished  by  others.  The  merilof  having  first  discovered  the 
of  Ibrming  an  aohromatic  refracting  teleacope  appears  tu  ~ 
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to  Mr.  Cbecter  More  Plnll,  >  iirirate  gealleinui  irbo,  about  1733. 
tmd  coinplewd  aereni  srhrrjmntic  object-glaBaaB,  by  the  combios- 
tion  or  lenses  of  different  kinds  of  ffliss.  b*rin)r  di^reai  degrees  of 
dupenive  power.  In  1747,  LeonnTd  Enlcr  pnblUlied  B  paper  in  tfa* 
Msmoinof  the  Atsdemj  of  Sciences  at  Berlin,  on  the  improtement  of 
rofrecling  telescopes:  ind  this  attracted  the  nttentioii  of  sBTeral  pTiilo- 
Hopbera  to  (he  subject,  among  whom  nai  Jobn  DoUond,  aa  eminent 
optician  in  l^ondon.  who  having  tiillj  aicertained  die  dJTersity  of  dia* 
pertive  power  in  different  substances,  found  that  an  nchromBtic  Jam 
might  be  fbrmeil  bj  joining  together  crown  glass,  or  that  kind  with 
which  windows  are  glaied,  with  flint  glass,  or  thst  of  which  cut-gtast 
vessels  and  oioanients  are  made.  Ptiter  Dollond,  thv  son  of  tbe  opti- 
cian just  mentioned,  made  a  furdier  improvemem  by  forming  an  objeet- 
glaiiB  of  three  instead  of  two  leases,  including  a  concave  lena  of  flint 
glass  between  two  convex  lenses  of  crown  glass.  It  is  now,  bowerer, 
most  usual  to  employ  only  two  lenses,  one,  partly  concave,  of  flint 
gluaa ;  and  the  other,  double  convex,  of  crawn  elaaa.  These  glome* 
Dare  different  curvatures,  and  ere  furnied  in  such  a  manner  that,  aiW 
refraction,  the  red  lays  snd  tbe  violet  rays  will  become  reunited  at  the 
aame  point:  the  intermediate  rsya  will  also  he  reunited  at  nearly  tbe 
same  point,  it  being  impossible  to  reunite  all  the  rays  in  precisely  one 
point  (as  above  atsl^d),  lhoug:h  they  may  be  made  to  approach  it  suffi- 


ciently to  prec 


In  the  marginal  fi|rure,  representing  the  sec- 
tion of  a  compound  lens,  tbe  ray  F.  F  fii11in<t 
□D  tbe  centre  of  the  lens  A  B,  will  pass  tbrongli 
it  witheutaayalteratiDn:  but  another  ray.  G  H. 
falling  on  one  side  of  the  centre  will  be  di- 
vided, nnd  the  violet  ray,  as  being  the  moit 
refrangible,  will  pass  through  Aie  convex  lens 
in  tbelineHI.buItberedrsvintbeliDe  H  K. 
The  concave  lens  of  flint  ^sst  will  make  boUi 
diese  rays  divei^e  from  the  aiis  E  F,  the  red 
taking  the  direction  K  L.  and  the  violet  thr 
direction  I  N  ;  and  in  [laauDg  again  tbroneb 
tbe  UT  U  t,^  foeos.  One  red  ray  will  takit  Oir 
dirwtiott  ^-'5.  «o^  **  -v^N*.  ■^^  fem^rt 
N  V  :  Villi  (iiIQ«eVtt™.'>!iT  ■•^>*  ■wwioiA.  «. 
ttwoMUlIt'- 


CAUSE   OF   THE    RAIKBOir.  4l»f 

1  Adiromatie  lenBes  thiu  coastnicted  are  atill  subject  to  imperfeclion, 

nid  hence  sub^uent  attBiapts  buve  been  made  la  improTe  tbem.  nbicb 

bars  been  attendad  with  HConsiderablede^ee  of  ancceBs.     Dr.  Robert 

I    ^air.  of  Edinburgh,  between  17S7  snd  1790,  hsTing  conceived  the 

I -MeB  of  emplojiug  tranapBrent  fluids  in  the  constructiuu  of  compound 

kjnuea,  at  length  succeeded,  by  incloeing  muriatic  acid,  ptoperly  pre- 

■  pared,  betweea  gloaa  lenaee,  in  forming  an  objuct-glaas  by  which  the 

IgiSerentlj  coloured  rava  were  all  bent  from  thsir  rectilineal  course 

■»ith  the  same  equality  and  regularity  as  by  refleotion.     Other  eiperi- 

jienttl  philoaopbera  have  occupied  lhemsal<es  in  analogous  reaearchea  ; 

ud  eapecially  Mr.  Barlow,  of  Woolnicb,  who  has  been  verv  ancceia- 

1.*     To  (he  ioatrumeata  (bus  conatmcted  it  has  been  proposed  to 

iply  the  term  ajilanatict  or  hee  from  error,  as  po^eseing  tbe  utmost 

«  of  Bocuracy. 

meet  interesting  natural  phenomena  is  that  of  tbe  rain- 
iw,  the  production  of  whicli  wholly  depends  on  the  refraction  and 
'~VtioQ  of  tbe  sun's  ruys  by  clouds  or  drops  of  rain,  and  llie  conse- 
it  ibimnlion  of  prismatic  colours  ;  and  the  subject  may  tiierefbre 
a.  be  properly  noticed.  Tbe  bow  in  the  sky,  as  the  breach  oot- 
tljtenn  it  ((We-ni-ciri)p  'S  seen  when  the  sun  darts  his  rave  on 
Aeloiid  diaaolving  in  rain,  nnd  the  observer  places  himself  opposite  to 
'~h  fais  bock  turned  to  tbe  sun.  Sometimes  one  boiv  only  is  per- 
il but  mare  usnoUy  Ihure  are  tvo  bows,  the  interior  or  lower  one 
Siting  brighter  colours  than  the  ether,  the  tints  of  which  are  com- 
[IStively  pale.  Both  present  the  colours  of  tbe  prismatic  spectrum  ; 
\tin  the  mtarior  bow  tlie  tinta  graduellj  ascend  from  Che  violet  to  the 
d,  while  in  theeiterior  bow  the  violet  is  most  elevated.  Some  wiitera 
lUMtk  that  a  third  bow  has  been  al>aetv'ed,  but  very  rarely;  and 
^^MOrding  to  theory  many  bows  must  be  formed,  though  all  beyond  the 
^         '  in  general,  be  utterly  imperceptible. 

The  coloura  of  the  rainbow  are  the  result  of  the  decomposition  of 
Vhita  light,  in  its  pHssage  through  the  glohuUrdreps  of  water  forming 
B  ^  tthower  of  rain.  Each  coloured  ray  produced  bv  this  decomposition 
^'  IS  the  globule,  and  is  retfected  in  part  at  tbe  opposite  concave 

1  it  tbeu  traverses  the  gkibule  again  in  a  new  direction,  ami 
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prewDti  iUelf  lo  «»cape  ton-wds  the  obaarrer.  A  part  onlj,  howB»er, 
actually  pluses  out,  and  Oie  uher  piul  is  agaia  jeOaaed  hd<1  uarrieil 
back  into  die  incarioTof  Iha  globulfl.  Id  ibis  nuinner  a  miiltiCude  of 
BUDDHasire  leflBctioni  mn;  be  csaaeil,  at  each  of  nbicb  aome  portion  ol 
iLe  ligbt  will  eaCEpe,  but  its  inlenaL^  becomes  nmrB  and  more  frebU 
wilh  tliB  inarease  of  ibe  number  of  raflectiona.  It  ia  from  tbose  iBjs 
that  tbuB  first  issue  &om  Ibe  drop  on  tlie  sidv  towards  wbich  tbe  ob- 
sarrer  is  loukiag  tbat  the  effect  in  produDed.  I'be  nyi  wbich  pass  out 
from  a  globule  niter  baling  aufferea  one  or  more  reflections  fonc  a  cer- 
tain ingle  icitb  their  primkiTs  direction.  This  angle  is  cooslant  for 
■11  nye  of  tbe  aame  nature  rhat  penetrate  tlie  globule  at  tbe  same  inci- 
dence, and  wbicb  undergo  nithin  it  tbe  same  nombei  of  reSectioDS ; 
but  it  Taties  for  tboae  raja  tbe  incideaces  of  n-bicb  are  diaeri>nt,  and 
wbiob  undergo  a  greater  or  smallar  number  of  reflectioDa.  It  will 
appear  from  calculation  thai  in  a  aeries  of  parallel  rajs  of  tbe  same  na- 
ture, irbicb  fall  ou  a  globule,  aod  nhicb  undergo  but  one  redetlian 
within  it,  that  the  angle  will  be  anccBSaitely  au  i:inented.  from  the  nomal 
or  direct  rav.  at  which  there  will  be  no  angle,  to  a  certain  limit,  bejond 
which  it  will  decrease  till  the  ray  becomes  a  tangent  to  the  spbereorglo* 
bule.  Hence  wtlbin  those  limits,  the  pnmllel  lajs  entering  the  glotinle 
Tecj  near  together,  and  undergoing  deviatioDS  not  very  disaimilsr,  will 
remain  seDBibly  parallel  at  thuir  mcapa :  nod  tharefiire  an  eje  placed 
in  the  direction  of  snob  a  bundle  of  nys  will  be  effected  with  a  suA- 
cienCly  viiid  sensation  of  ouloura  ;  while  elsewhere  encounmring  aulj 
isolated  rays,  the  seoaation  produced  will  be  extremely  inconsiderable. 
The  raja  which  thus  issue  from  ■  globule  so  as  to  form  a  small  bwidls 
CBpable  of  making  a  sensible  impressioD.  are  termed  efficaciaui  ra^ 

a  greater  number,  wiOiin  tbe  globule.  There  will  alwuya  be  certain 
limits  williin  whiub  several  parallel  rays,  neur  together,  issuing  fron 
the  globule,  and  remaining  sensibly  paraUel,  will  produce  a  diatincl  sen- 
sation on  the  eye.  These  I  inuta  are  not  the  same  for  all  hinds  of  co- 
lourad  taya,  but  vary  with  ihair  refrangibilitv.  Thus,  with  raqiect  ID 
the  red  rays,  which  are  (he  least  refmngible,  when  tbe  ray  lasues  after 
one  reflection,  it  makes  with  the  incident  tuy  an  angle  ot  43°  S' ;  ttiia 
Ha^^le  is  succesaifely  smaller  for  tlte  other  colonred  rays,  to  the  violsl, 
fbich  IS  tbe  most  refrangMa,  aiv4foT  irtndiWBi  iiW  w ,  V{Vi«atlie 
Mierg-ent  ray  undergoes  iwo  leftecdoaa  in  ■&«"■»">««  tft  ««  **»*«, 


imi 
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V'Smit  in  tbe  oibo  of  the  red  Tnvs  will  he  at  no  angle  of  ^0°  55',  nad" 

t  Uvat  of  tbe  violet  isya,  at  sD  aagls  of  5-1°  9'. 

le  formatioQ  of  tha  coloured  bands  of  the  rainbow  may  be  thus  eiJ 

ed:  Tbe  sun,  considered  09  n  sinii>le  luiainoua  point  at  an  ioSJ 

it  distance,  trtmsntits  to  the  shower  a  bundle  of  raja,  of  which  eaeH 

tide  of  water  raceiVHs  Borne.     Hence  on  each  of  the  globules  fBlT 

le  efficacious  injs,  which  pass  off  to  observers  at  diSeienl  point!.' 

n,  the  first  coloured  raj  which  cao   come  (o  aa  obaarTcr,  after  tf 

i^e  reflection  in  the  |loDule,  will  be  that  which  malcfls  the  smallW 

glS'with  its  Driginal  direction  ;  and  will  therefore  be  Che  violet  nyj 

'Srfaich  the  angle  ia  40°  17'.     All  the  globules  situated  in  the  Bam< 

-->le,  to  Che  centre  of  which  the  aiis  of  the  bundle  is  iucident,  will 

ile  the  same  aensation,  end  canaequeutlj-  form  tha  first  coloured 

.   The  efficacious  red  rays,  which  fotm  with  tbeii  original  diiecIioD 

le  of  42°  S'.will  produce  the  lost  or  highestlineof  the  first  bowl 


Butu  Bpeclrum,  lu 

e  of  fbrmatioQ  of 

I  Ilia  difference  betwc 


then 
the  order  of 


ill  be  the  fire  other  coloura  of  tW 

iliaugibilit)'.    Such  is  (bid 

ipat  bow  ;  its  dimenaioDS  will 

■"  y,  and  IberefotB  equal  ttf 


lud  it"  ; 


9  those  onlj  whio^ 
.and  their  intenaitf  will  coaaequentlr'' 
in  this  cose  will  now  be  the  red,  whidf 


3e;ond  the  red  rajs  the  obst 
■^-TB  undergone  two  reflections, 
Blare  feeble.     The  Gi 

he!  the  amallest  angle  equal  to  50^  59' ;  forming  the  couunenceuieiil^ 
■  wcoudary  bow,  at  a  digtonce  from  the  first,  correspoudiog  with' 

>  difference  between  42°  S'  and  50"  59',  and  therefore  eijaal  to  8"" 
The  last  or  highest  line  of  the  second  bow  will  be  the  viotet,  at, 

_  :h  the  rajB  will  make,  with  their  ori^oal  direction,  an  angle  of  54°  S'u 

9  between  these  extremes  will  be  found  the  other  colonra.     The  di? 
oiionB  of  the  second  how  will  be  54°  9' —  50°  Sy  =  3"  lO'.  ■ 

1  maj  readily  be  underatood  from  the  preceding  obBervations  how^ 
le  at  more  bows  may  be  formed  by  auccea^JFe  reductions;  and  why 

o  thejmuBlbe  too  faint  to  be  pBroeptible.*     We  have  supposed  tbt. 


_  nulueed  to  i  tuminaiu  spot,  and  tliiu  a  circular  lins  only  of  each 
ilour  woulil  be  praducrd  ;  but  ae  the  son  bu  ■  aeiuible  dinmetei,  U 
fUIaiFB  Uiit  eiob  b»id  oi'  the  bows  must  hare  certain  latenl  dimen- 
depending  on  tlie  apparent  diameter  of  iLe  Bon. 

Lunar  rainbair*  oceiisionally  occur,  but  in  moat  cases  Ihej  are  &int 
or  eulourleaa,  from  the  inferior  iDtenaitf  of  the  auxta'a  leSected  light, 
Cotouted  haloa  are  alio  sometimes  seen,  but  they  are  among  tbe  more 
unusual  meleoroloitioal  pbenomena.  Clouds  of  rare  colours,  as  gMsn, 
bare  been  noticed  hy  soma  obsacrera  ;*  and  the  effept  mar  be  trailed 
to  tbe  ume  caoses  with  tbe  more  fieijueiit  aad  beaulifiil  rainbow. 


bamarei,  In  the  WngAoa  at  QuIid.  each  or  them  saw  his  own  in 
■EBlnit  liie  tdde  on  which  OiB  »nn  loie,  as  In  a  mirror,  and  the  ban 
iiiu«o  enoompUHd  with  Hiree  ralnbowa,  having  >U  one  and  the  hui 
Thelwit  or  ontiDOit  eolouis  of  the  due  lalnbow  touched  the  first  of  tl 

ihem,  ■  fourth  bow  appwed,  wbjch  showed  white  onl;,  When  d 
■PMlatun  moTBd  from  one  side  to  the  other,  the  •hole  appeaiaBce 

her,  uid  stood  quite  clow  toKether,  ;<^t  Each  could  see  only  lUa  own  ii 
not  thoae  of  the  others.  As  the  Dj^urca  or  their  hodiea  were  portrayi 
middle  space  of  the  encDDipasaioe  reinhoWt  (heTspoura  of  thig  sp 
liare  Meo  IntbeitateforaiBlnDidBotand  rcdected  rays  to  foim  equal 
—Klem.  iifNal.  Philti.  JMin..  vol.  11.  pp.  S3,  (it. 
•  The  fnllnwloK  Inttano     "  "  -      -      - 


i:  "Sccemhersi 
e,  latemlxod  with 


tDeBBed  ft,  then  teshtlne  at  MalmeabDrv 
IS.  RDluming  home  jnat  before  mniet 
ore  the  hud,  tinned  w  a  moat  beautiful 


e  green  belt  of  clouds  bi 


■•■uehwereiMnbyF 


'  Vnrage  to  the  WM] 


fkUiir,,  triLDSUtcd  nnm  the  Laliu,  b;  Culao 


i 


Calmmof  thin  Plain. 


and  in  eeneral  ii 


L  the  simple  eiperi- 
1  thia  films  of  oil  of 
er ;  on  the  aurfiiee  of 
LD  plstea  of  trauBpa- 


hediteel 
I  sabstancea, 

Lbibjting  a  peculiar  mode  of  \hv  decomposition  of  white 

It  jnay  be  moat  conroniimtly  atudied  by  BiaminiuK  what  Ules 

le  wllen  »  very  tbin  stratum  of  air  or  any  other  fluid  ia  confined 

0  pltiltia  of  glass;  und  the  experiment  nmy  be  aJvantage- 

f  made  by  placing  a  convex  lens  of  small  curcstuce  upon  a  con- 

"    radius  somewhat  g;realer,  end  on  presaing  tbem  together 

rill  appear  arrangec!  In  the  form  of  rings  round  a  central 

if  the  pressure  be  suflicienlly  powerful  will  be  perfectly 

:,  when  viewed  by  reBected  light,  but  when  examined  by  trans- 

d  light,  aa  by  looking  at  the  sky  tbroui:h  the  glaasea,  instead  of 

ing  die    eya  between  the  light  and  the   reflecting  surface,   tbe 

!«]  spat  will  be  white,  and  be  auiroundod  by  rings,  the  colours 

If  which  will  be  complementary  to  those  aaea  by  reBeftioQ.     Henoe 

:a  that  the  colours  aeea  by  reflection  and  by  iranBrnission  of 

hue  light   through  tbin  plates,  are  Ihoae  which  foim  the  greatM 

^trtuts  with  each  other. 

^The  ooioured  rings  are  seen  in  the   following  order,  pioceedit^ 
aire  to  the  circumference,  forming  different  ser 

Colours  of  thin  plates  viewed  by  reflection. 
I.  Bl.ACK,  blut,  uftile,  yellimi,  orange,  raj, 
'.  Viatet,  hlt:i,gretn,iieHiiai,Ted. 
5  Si  ssriea.  Piirpit,  blue,  green,  j/ettow,  red. 
"'    eries.   Bluiih-green,  red. 

Cotoura  of  thin  plates  viewed  through  the  glm 

eriea.  Vi Hirt,  ^tloaitli-Tid,  black,  viol-     " 

f,  Sd  MtiM.  White,  tteltoai,  ml,  vielel,  blue. 
■..AdwrieB.  Cran,  jiellew,  reii,  blai^gren, 
,.4dlMries.  lied,  liluish-greea. 

te  ciaU  are  Dime  of  them  idenlicft\  wwii  tioa   « 
Sir  J.  Ilerschul  observes,  leBi^ectui^  0»  irfwo^-w 
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ihat  ■■  the  gTHen  of  Uie  lliird  order  (ot  fleries)  is  tbe  flnly  one  whiob 
is  ■  pnrB  (nil  colour,  thai  of  the  second  being  hardlr  perceptible,  and 
of  tlie  fonilh  cain{>Brali(e1y  dull,  and  veiging  to  opple-green ;  tlie  jel- 
lon-  of  the  second  snJ  third  ordera  are  botli  g;ood  colours,  but  that  of 
the  second  is  especiiUy  rich  sad  splendid  ;  that  of  the  £rBt  being  a 
Geiy  tint  paaaing  into  oraege.  The  blue  of  ibe  first  order  is  so  (sint 
IS  to  he  scarce  sensible,  that  of  tbe  second  is  rich  and  full,  but  iltal 
of  the  third  much  inferiar  :  the  led  of  the  Grsl  order  Iiiudly  deieries 
the  name,  it  is  a  dull  brick  colour  ;  (hat  of  the  seconi  is  ricli  and  foil, 
as  is  also  that  of  the  third  ;  but  they  alt  verge  to  crimion,  nor  does 
SBTpurB  scarlet  or  prisniBlie  red  oscur  in  the  whole  series."* 

The  hreadtba  of  (lie  rings  are  unequal,  beconiinf  nurower  and 
more  crowded,  aa  they  recede  &om  the  centre  -,  and  the  uitent  of  the 
rings  or  circles  depends  on  the  curvatures  of  the  glasses  betveen 
wluob  they  are  formed.  In  order  to  make  eiperiments  with  accuracy 
a  proper  a|)paratiis  is  requiaite.  That  used  by  Sir  Isaac  Neuton,  in 
experiments  on  this  subject,  consisted  cfa  pluno-conrez  lens,  the  radius 
of  the  convei  surliice  of  which  was  tnenty-eight  feet,  and  a  double 
convex  lens,  tbe  radius  of  whose  aurfsces  was  fifty  feet;  end  the 
latter  being  placed  on  tho  convex  surface  of  tbe  former,  they  were  hdd 
Ii^ether.witb  any  required  degree  ofpreisure,  by  three  pairs  of  screws, 
Gied  at  eqnal  interials  on  their  borders. 

llie  colours  may  be  shown  hy  reflected  light,  by  pressing  together 
with  the  fingers  a  concave  and  a  convex  glass  slightly  difiWing  in 
curvature,  that  of  the  furmet  having  tbe  largest  radius  ;  but  it  is  im* 
possible  by  this  means  to  maintain  equable  pTeasure,  nod  the  figures 
become  distorted  from  circles  into  im^gulsr  ovals,  or  angular  Unas. 
Hence  it  will  be  obvious  that  do  correct  obaervatioas  can  be  made  on 
the  dimensions  of  tbe  coloured  rings,  unless  the  glssaes  can  be  sub- 
jected to  uniform  pressure.  It  is  also  necessary  that  tbe  eye  of  the 
observer  should  always  be  similarly  placed,  or  at  tbe  same  angle  of 
obliquity ;  for  if  the  obliquity  be  changed,  by  elevating  or  depressing 
the  eye  ot  the  glaasea.  the  diamoters  (but  not  tbe  colours)  of  the  rings 
will  change. 

It  is  of  importance  to  the  eiplanstion  of  this  phenomenon  to  aicer' 
tain  the  tbicknesaea  at  which  the  respective  tints,  or  the  Severn]  pointi 


■  £ucyclD]HCd.  MetlDvel-— Mixed 


is.Tol.ii.  p.tGs, 


■OB  cenire,  tney  loiiovrea  me  progresi 
lUloMptier  BBcertamed  tfaat  wiien  tt 
at  gtaiseSj  the  proporCioaa  of  the  di 
■me,  Tint  they  will  be  laUtiToly  am 


Bud  greatest  obgcuritj  occnr.  Tfaia  majlie  doflk  9 
3  nppnTBtnB ;  for  Ihe  coloured  rings  beinu;  ptv^  I 
Mj  rognlar,  by  eiactly  meaauring  thair  diamoter,  may  ba  fbuud  thf- 1 
■cIcDBBB  of  the  plate  of  nir  correspoudiDg  to  each  of  (hero  ;  for  the  inik  W 
.rral  hetween  it  plane  and  s.  spherical  auriace,  ihe  centres  of  whidi  I 
(a  biouglit  into  contact,  will  increase  in  the  ratio  of  the  acjuarea  of  tUt  ■ 
latanoea  from  that  point  of  contact.  Hence  Newton  found  thai  ia  I 
ki  moK  brilliant  parts  of  the  circles  the  thicknesses  foUowed  the  piV^J 

Niaianl,3,  5,  7,  9 while  in  the  darkest  parts,  commencing  wJtt 

to  centre,  they  follovfed  the  progression  0,  2,  4,  6,  8 "' 

■■■■■■■  •    titQted  for  ail 

the  cingB  will  be  tbf  I 
y  smaller;  whence  it  follows  that  tf~ 
IS  of  water  reflecting  any  given  colours  must  be  more  u 
UU  those  of  air.     It  lurtber  appears  that  glasa  plates,  to  reflect  tl 
IBe  colours,  must  be  thinaer  than  those  of  water ;  and   i 
teerally  concluded  that  tbe  thinness  of  the  plates  increasaa  in  pitf.  ■ 
Brtion  10  the  density  of  the  bodies  of  which  Ihey  ore  compsed,  ot  J 
ther  in  propoidon  to  their  refracting  powers.   Air  io  a  plate  hot 
niUionth  of  an  inch  in  thickness  ceases  to  reflect  li^bt;  and  tliei 
IT  at  three-eighths  of  Ihe  milliooth  of  an  inch, 
VilhglBiBBtone-thirdofthemilliontbofanincb.     A  plate  of  air 
■iOunlths  of  an  inch  in  tbiclinesB,  eihibita  whatSir  I.  Newton  Ii 
^ikebeginningof  black."  Aplateniuo-millionthsof  an  inclireflect 
^t  of  Ihe  first  circle  or  aeries;  one  nineteen-millionth  s  of  an  inct 
M  or  aearlet  of  the  second  aeries  ;  and  lahlea  bave  been  calculated  of  ^ 
M  tUcbnesaea  of  plates  of  air,  water,  and  glass  reapeotiTely,  for  eaoli 
Ibui  of  each  of  the  four  series  giren  above,  and  also  for  those  of 
kMe  more  series,  which  may  be  observed  extending  in  narrower  oir- 
--'"--        ■'  millionthfl  of  an  inch 


nnillionth  I 


s  beyoni!  the  preceding;.     Air  seventj-seven  million 

thicknesa  reflects  a  reddish-white  colour,  forming  tl 

t  seventh  or  outer  circle ;  and  beyon  '■■■■'' 

lile  or  undecomposed  light. 

As  Io  the  cause  of  the  coloured  rings  formed  by  thin  plates.  Newts 
SD  explatietion  founded  ou  the  doctrine  of  the  eminalion  ■ 
insislingof  molecules  tmveraing  space;  and  his  hypotbea 

deserving  of  notice  as  being  in  some  degree  appbcable  to  the  undu- 

toiy  theory,  which  reprefents  light  us  ariMng  (ran   '■" 


It  thickness  it  nstiects  qi 


a  ObW^\^t^iaJ«EUk  t^^ 
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■n  etbeceal  mediDin.  Having  Bsaertaiiied  ttam  eiperiineDt  thmt  (bt 
different  raja  become  reSsolod  at  tbe  snccessive  thickDesaes  1,  3.  3| 
7,  &c.,Biiil  troasmitled.on  the  coatrsry,  at  the  intermediate  thieh- 
aeseea  0,  2,  4,  6,  &c.,  be  regarded  thew  lawg  as  resulting  rrom  a  pu^ 
lidular  dlBpositioa  of  (he  lummous  molecule»,  wbicb  ha  denomiiigKi 
■'  fita  of  easy  reflection,"  and  •■  fiifi  ef  easj  IranamiaaioD.-  TIwl  h 
eontluijod  that  any  ray  would  he  thrown  into  a  fit  of  easy  reflectioB  la 
falling  on  a  plate  the  Chickneaa  of  wliirh  was  one  of  the  tenna  of  Oi 
series  1,  3,  5,  7,  9.  ftc. ;  I  being  the  first  or  least  thickness  nt  wludil 
became  ausceptible  of  beiag  reflected:  and  on  the  other  liaad.iOf 
would  be  in  a  fit  of  eaay  transmiaBion  when  the  thickoesa  of  Iha  pkt 
wasoneof  thetermaof  theserieali,  4,  e.  B,  £[0.  Thus  far  NewtM'i 
hjpatheiis  ia  little  more  than  an  enunciation  of  facts,  but  he  alsoo 
jectured  that  the  fits  of  easy  reflection  aod  trangmissioa  mjglit  dqM^ 
on  a  sort  of  magnetic  poUnty  belonging  to  the  panicles  of  liglH;  I) 
which  auppoaition,  however,  it  does  not  appear  that  the  illailniial 
author  himself  attached  any  great  importance. 

According  to  the  nndulatoiy  tiieorj  both  of  the  Hur^cea  of  ihe 
lamina  are  concamed  in  the  producDon  of  the  r.oloura  ;   and  (he  ii 
fereace  of  the  light  reGecled  from  the  second  surface  with  the  light  ■• 
fleeted  fiem  the  GrBt  interrupts  or  facilitates  the  paeaage  of  the  aft 
certain  intervals  of  thickness  of  the  plate.* 

"  The  coloura  of  natural  bodjea  in  general  are  the  colours  of  iH 
plates,  prodnced  by  the  same  cause  whicb  produces  them  in  tbia  b 
min»  of  ail,  glnss.&C. ;  via.,  the  interral  between  liie  antoriarendp* 
terior  surfaces  of  the  atoms,  which,  when  an  odd  multiple  of  halt  At 
length  of  a  fit  of  easy  reflection  and  transmission  for  any  coloured  HI 
moving  within  the  medium,  obstructs  ita  peaetration  of  the  stco^ 
surftce,  and  when  an  even,  ensures  it.  The  Ihiclmas,  therefore,  oTil 
atoms  of  a  medium,  and  of  the  interstices  betweeu  them,  determiM 
the  coloor  they  shall  reflect  and  transmit  at  a  perpendicular  inaidama 
Thus,  if  Che  molecules  and  interstioea  be  less  in  size  tlian  the  iaiad 
at  which  total  transmission  takes  place,  or  leas  than  that  which  canr 
spends  to  the  edge  of  the  central  black  spot  in  Ihe  reflected  ringh' 
medium  made  up  of  such  stoma  and  interaticea  will  be  perfectljtff^ 

*  -See  PowelVi  E\eitt.TieBSiwwi'i^'i!.,V*  'ita—ua. 
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pareoi.    If  grsBter,  it  will  roflsct  the  colonr  corresponding  to  iU  thick- 

Tbsie  ue  seveial  vary  ourioua  optical  phenomena  ari^ng  from  the 
Wtarfaience  of  the  riiys  of  light,  besides  the  coloure  exhibited  by  ihia 
AUtea  ;  and  among;  Iheee  may  be  included  the  variable  oolours  of  fine 
Jbree  and  Btcmted  Burfacea.  "  Fine  fihrea  and  etris  give  heaulifut 
loloiiiB  by  interference,  when  single,  between  rays  reUected  from  their 
(ippodts  sides ;  and  nhen  many  are  plaoed  together,  more  complex 
^knm  are  prodnced  bv  (heir  eombmed  interferences.  A  gtriliing 
~  impleof  this  bind  is  seen  la  tbe  imhiillanj.  inyeated  by  Mr.  Barton, 
■orface  of  which  ia  cDVtfred  with  minutely-engraved  parallel  lines, 
wme  instances  not  more  than  one  lO.OUOth  of  an  inch  apart,  A  phe- 
DeQOIi  very  similar  is  that  of  the  colours  exliibited  by  the  suriace  of 
of-pearl.    This  substance,  whan  examined  by  a  powerful  mi- 

in  paraQel  waving  linea."f 


Bepeited  instances  have  been  already  adduced  of  the  appear. 
"TO  of  double  or  multipliad  ima|i-es  of  bodies  viewed  through 
Diparent  media;)  but  these  pbsnomeDn  ire  all  oonformahle  to 
mmon  law  of  optics,  which  indicates  the  correspqndenca  be- 
tfaa  angles  of  incidence  and  of  refraction  or  reflection,  and  the 
ID  of  their  sines  to  each  otlier.  There  are,  however,  many  coaes 
■  which  a  diflerent  effect  is  produeed  by  the  transmission  of  light 
Knugb  certaiti  tranaparent  subslsncea,  as  some  kinds  of  salts  and 
oystSlioe  apara,  plates  of  which  having  parallel  snrfacea,  when  anv 
Mgeetis  viewed  through  them  exhibit  a  double  image,  instead  of  a 
ingle  one  like  similar  plates  of  ^lass.  Such  bodies  are  called  dmiblii 
wvetingiutalaacti,  and  the  property  they  possess.  Double  Refraction, 


'  Encyilopnd,  Metrapnl. 


D 


150.    See  «lso  Saijw.  \^  ■'^ 
lf<A.i\.OT.Sl»— wa- 
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Tbis  mods  of  refraction  maj  be  eip«Tiiai 

eana  of  a  Bmall  plate  of  Icelsiid  spar,  or  crvst 

ich  in  tbickneag.     if  i 

ceding  figures,  A.B.Ci 

ngly,  as  to  the  naked  eye  ;  hut  if  a  plate  of  It 

De  of  tbi!  figures,  a  double  image  will  be  pei 

Tcles.  or  two  lines  instead  of  one.     The  d 

nagss  will  depend  ODiho  tbickness  of  thepli 

1  incb  thick,  tbe  images  willba  so  near  togetl 

ill  look  like  a  figure  of  8.     Tbere  is,  howan 

hicli  will  influence  the  relative  aepaiation  ol 

ition  of  tbe  piste;  for  if  it  be  Isid  flat 

round  borizoncaUj,  one  of  the  images 

5und  the  olber;  bo  thai  the  circle  will 

and  in  einotfaec  thus  cs  ;  and  tbe  lines 

ively,  Da  the  plate  ie  made  to  revoUe. 

planation  of  this  pbenDuienonitmsj  ht 

ringinto  tbe  transparent  spar  beoomes  i 

le  of  which  loltowa  the  ordinary  law  of  refn 

e  sioe  of  the  angle  of  incidence  to  that  of 

vhile  the  other  undergoea  a  gepaiate  relrocti 

ind  extraordinary  law.      The  Iceland  spar 

iryatnU,  masses  of  which  are  always  roduol 

e<act  rhomboids,  having  each  of  their 

lbs.      These  are  the  forms  of  the  ultima 

nasB  can  be  aepemled  by  continued  subdi 

'    "    tfaeahortdiagansllaoalled 

(be  annexed  figure  tbe  d 

tbe  axis  uf  ihe  rbomboida 

ray  of  light  is  traosmitl 

the  lino  of  its  optical  ax 

be  formed,  and  tbe  ray  ' 

acoording  to  the  ordioari 

sines ;  for  in  this  cia«e  ' 

ordinary  ravs,  as  tbey  ) 

coincide.     ButinsUothE 

tiixlly  different,  (he  n-^  becomingdi 
will  be  refracted,  accmim^  M.  »^ 
plicated  nature.  Aplima\.Baai«S* 


ff; 


m ;  ana  if  o  ny  be  incident,  bo  that  the  ordinniy  refnietioD  takes 
alaee  in  the  plane  of  a  principal  section,  tben  for  all  inr.ideacea,  tbe  or- 
oiiurf  rar  baving  its  index  of  refraDCion  constant,  tbe  es-traarilinaiy 
^in  frill  Glso  be  in  tbe  aume  plana,  tliougb  with  an  index  of  refroctian 
l^rii  Tarieg  according  to  its  position.  If  tbe  ordinary  refracliDn  be 
Id  ■  plane  perpendicnlar  to  tlis  axia,  the  eilraordinBry  ray  will  al»a  in 
'>e  in  the  game  plane,  and  the  index  oi'  refiaction  u(  (be  urdi- 
iiy  nj  remaining  of  course  cooalant,  Ibal  of  the  eitraordinaiy  ray 

■irHl  slio '  -  " 


Anmean  being  the  eame,  as  thougb  some  power  emanating  from  tbat 
Vzii  had  produced  that  extraordinary  refractian,  by  separating  ■  por- 
tion of  tbe  light  from  the  original  ray  in  its  tranamiasioa  througb  the 
yaiam,  and  attracting  it  towards  the  axis,  or  repelling  it  from  it.  fiome- 
tiaiei  the  extraordinary  refraction  is  negative,  or  a  deflection  further 


alia  thai 


,  A  ooDsiderable  number  of  crjstalline  substances  are  found  to  possess 
aadogous  properties,  though  with  aome  moditicaciona,  depending  on 
tbeii  peculiar  atmclure.  I'hua  some  crystals  have  onl;  one  axia  of 
double  rofractioo,  while  others  have  two  or  more  such  axes.  Dr, 
^rawater  aacertained  that  all  those  bodies  which  cryatallize  in  the  form 
ef  the  rhomboid,   the  regular  beiaedral  prism,  tbe  octaudron  with  a 

Snarabaae,  and  the  right  pri.^m  with  a  square  base,  bare  but  one  axia 
doable  refraction;  eomo,  like  tLa  Iceland  spar,  having  negative 
•ses,  as  tourmaline,  alnm-atone,  sappbirx,  emerald,  and  phosplinte  of 
lime  1  white  a  smaller  number,  as  quartz,  ziri'on,  and  oxide  of  tin,  hare 
poaitife  axes.  Among  the  crystals  which  have  two  axes  of  double 
RfraeEion,  are  glauberila  and  fliilphate  of  iron.  But  with  respect  to 
'these  bodies,  as  also  the  crystals  vrilb  many  planes  of  double  refrao- 
tion,  and  those  with  circolar  double  refraction,  tbe  effects  follow  a  very 
VDmpliiiated  law;   and  M.  Fresnsi  made  the  remarkable   discovery  m 
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that  in  bucIi  ckbub  neither  of  Ihe  imageB  is  refraclcd  according  to  Hit 
Ordianrj  Ibit.  but  that  butli  undHt^  a  derintiou  from  tLeir  original 
plane,  (ihibiting  a  sort  of  complicated  double  refraction.*  The  pro- 
party  of  donble  refiaclion  wai  first  discovered  in  the  Iielaod  flpar,  by 
Erasmus  Bartholin,  a  Donisb  phikuopher,  towards  the  close  of  tlie 
(BTeotoenlli  century ;  it  nsa  particolnrly  inresIigHted  by  the  celelnted 
Hnygeas ;  and  the  auhjiMrt  has  in  our  owa  times  soqmred  a  peculiar 
interest  In  consequence  of  its  intimate  connexion  with  pDloriEation. 

ConceminR  the  nature  of  Pploritalian  of  Light,  we  caa  only  i&td 
room  for  Sir  David  Iltewster's  coDoise  account  of  the  distOTery  otthis 
property  of  Ugbt,  wbioh  was  made  by  M.  MbIub,  colonel  of  the  imperial 
corps  of  engineera,  who,in  IBIO,  pnblisbedN  most  valuable  memoir  on 
double  refraction,  for  which  he  giuned  the  prize  offered  to  the  writer  of 
the  heal  wort  on  thot  topic,  by  the  Institute  of  France. 

M.  Mains,  "  hating  accidentallv  turned  a  doubly  refracting  prism 
to  the  windows  of  tbe  Palace  of  the  Luxembourg,  which  were  at  the  time 
illaminated  by  the  setting  aun,  he  frassurpriaed  to  obserie  that  one  of 
the  double  images  of  the  windows  Tanished  alternately  daring  the  ro^ 
tatioD  of  the  prism ;  and  after  various  truiileas  speculations  on  5ia  caiUB 
of  this  singular  pbenomcnon,  hewaa  conduoted  to  tbe  great  diacnTery. 
that  light  riJUeud  at  a  porltcufar  angle  from  iricntjHirait  badiu,  ii 
polariied  like  one  of  ihe  rojf  pritduccd  ti)  double  re/raclim.  Thiaain- 
giilar  result  opened  a  wide  field  of  inquiry  to  philosophers:  and  the 
BDccesaiva  labours  of  Mains,  Arago.  Biot,  Freanel,  and  Caachy.  in 
France  ;  Seebeck  and  MitscLerlich,  in  Geimanj ;  and  Yoimg,  Herschel, 
and  Airy,  in  England — present  s  train  of  reararch  ■  tbnn  which,'  as  a 
diatinguished  philosopher  remarks,  *  nothing  prouder  has  adorned  the 
■aaals  of  physical  science  since  the  development  of  the  true  sjitem  of 
lhatiniverse,'"t 


il's  Discourse  on  SiE  StodT  of  Natursl   PhilOKi^)', 

it  Pfojreis  of  OpUM .  by  Sir  D.  Brewiter,  In  Hepml 
in  fir  1B3V.  D.  all.    For  tnrther  iBfomatioji  relatlTeln 
L  rcleiTed  u  Ox* 


lobieclspoWiahedby  thcSodetyfor  thel  

0  the  very  valnabte  Eaaaj-  oq  Ujbt,  by  Sir  John  Hericbd, 
Ea  UetjDiHilitana,  of  wbicb  a  French  transliition,  eiirietavl 
[,  Vctholst  tiul  Qnotelet,  hu  been  priatod  at  Fails. 


?    SPECTACLES. 


OPTICAL  INSTRUMENTS.  '    ' 

TaBiiKsra  Iwo  principal  kinda  of  opticsl  iaBtruineata ;  DBinely,  tbase 


,  .  roparlyi 

ImaeB,  Ihair  effecla  depending  o"  (lie  refrantion  of  ligbt  i 


fAicki 

dMWe  called  cuUdinpti 
iRuei  and  mirrors  nre  canibined.  and  hencs  tclBScopea  of  this  descrip- 
tton  Inve  been  termed  reflecting  teleaoopsB.  to  distinguish  them  from 
Ither  lelescopaa,  whoae  powers  depend  oq  reritccion  alone.  The  per- 
"*  ]tion  of  these  instruments  mnst  consist  in  the  excellence  of  the  lenses 
1  minora  of  which  they  are  formed,  and  in  the  accuracy  of  their 
raoKement,  so  that  the  axes  of  the  resjiective  gleasea  maybe  situated 
a  right  line.  They  must  be  placed  one  behind  tl>e  other,  at  distaacea 
sedy  calcnlated  with  reference  to  their  several  foci.  Tiis  eye  must 
10  be  placed  at  a  fixed  point  forobaerTalion.    TballenBinaleleticopB 

—•. which  is  nearest  the  obaerver  is  named  the  eye-glasa  ; 

a  lena  or  mirror  which  is  turned  towards  the  object  to  be  eia- 
i>  mnned  the  object'gUsa.  The  eye-g;lnsa  is  tisually  fixed  in  a 
nd  BO  arranged  that  its  distance  from   the  Dbject-glasa  may  b« 

trtdU 


The  employment  of  conrei  or  con 
Sje  wnrei  glares  to  assist  the  eigbt,  must  1 
'iliowtedge  of  tbu  magnifying  power  of  oouvei  leases.  The  invonliaD 
SttfapeolBcles  has  been  ascribed  by  some  to  Alassandro  Spina,  an  Italian, 
^^^'""  iied  in  1313, •  and  according  to  otliers  the  inventor wiia  a  Flo- 
le  nobleman,  named  Armato  SalTini,  who  died  in  1517. t  It  tatj 
i§ot  improbably  be  inferred,  from  cheae  statements,  tliat  the  mode  of 
''"tiDg  two  conTei  lenses  to  a  frame,  so  as  to  form  apiiir  of  spectacles, 
Oatfld  about  the  close  of  the  thirteenth  century.     But  the  m^ui- 

•  V.  Red!  RpUlola  ad  Falconeriom. 


i 


iBE  are  two  principal  kinds  of  optical  ii 

OiochiDHf  be  mora  properlr  callad  diaplrical,  aa  thej  coDsiat  of  one  or 

atore  lenses,  their  efiects  depending  on  the  refractioD  of  light ;  and 

■■      s  (Mlled  cataiimplTkal  iDHlnimenta,  in  the  eoQatruPtion  of  which 

u  ind  mirrors  are  combined,  ond  henca  teleatopes  of  thia  deacrip- 

have  been  termsd  leBecliag  telescopes,  lo  diatinguiab  tham  IVoin 

r  taleacopos,  whose  powers  depend  on  refraction  alono.     Tba  per- 

On  of  these  instruments  most  consist  in  the  excellence  of  the  lenses 

■nirtoni  of  which  thay  are  fora 


be  situated 


be  plucod  one  behind  the  other,  at  I 

(Baotly  calcnlatod  with  reference  to  their  aeieral  foci.     The  eye  must 

be  placed  at  a  fiied  point  for  obHerTation,    Thatlenainateleiicope 

which  is  nearest  the  observer  is  named  the  eye-glims  ; 

e  lans  or  mirror  which  is  turned  towards  the  object  to  be  eia- 

ia  named  the  objectglass.    The  eye-glass  is  usually  fixed  in  ■ 

>nd  so  arranged  that  its  distance  from   the  object-glasa  may  be 

varied  according  to  circumstancea. 


S,M 


The  employment  of  conrex  or  conuuoD  spectacles,  or  i 
'JAb  eonrez  glasses  to  assist  the  sight,  must  have  been  coeval  with  Ihe 
knowledge  of  tbu  magnifying  power  of  conTei  lenses.  The  invention 
of  apectacles  has  been  ascribed  by  some  to  Alessandro  Spina,  an  Italian, 
jwbodiedin  1313, •  and  according  to  others  the  inventor  was  a  Flo- 
jnntina  nobleman,  named  Armate  tialvini,  who  died  in  1317-1  It  may 
|iat  improbably  lie  inferred,  from  these  statements,  that  tlia  mode  of 
''-  ''  lovei  lenaea  toaframe,  sonsto  formapairof  spectacles, 

1  the  close  of  the  thirteeoth  century.     But  tha  magni- 


i 


fyin^  properties  of  umvez  lenaes  or  soma  similar  tmnpsMnt  bodlel 
WBB  certoinly  known  at  an  earlier  period,  though  we  are  ignorant  of 
the  prociae  manner  in  which  tliey  were  itseil,  TLarBis  nverjiemarlt- 
able  passage  in  BtreatiBe  of  Roger  Bucon  on  "The  Secret  Works  of  Art 
and  Nature."  in  wbicb  ha  ssya,  "'iranspactnt  bodies  miiy  be  so  figured 
Ifaat  one  thing  maj  be  made  to  appear  mntiT,  and  one  man  an  armj  ; 
*ad  several  sons  and  moons  maj  be  rendered  visibla  nt  pleasure.  '  • 
•  •  •  •  Thus  slao  things  which  are  afiir  off  m»y  be  brought  near, 
■nd  on  the  concrarj  -,  so  thst  Irom  an  incredible  diabince  ire  mightrasd 
reiy  smill  letters,  and  distinguiih  the  numbers  of  Ihinga  collected  to- 
gWhar,  though  eitremelj  minute  ;  and  male  the  stars  appesrirhen  wa 
pleaiB.'  Thus  it  is  thought  that  Julius  Cffisor,  trma  the  50»-co«it  of 
Gaul,  obserred  by  mesui  of  rerj  hige  g;]osses  (ipenila),  the  disposi- 
tion and  sits  of  the  camps  ond  towns  of  Britannia  Major. "t  This  ce- 
lebrated writer  also  thus  eipressee  himself  relaliTe  to  lbs  refraction  of 
light,  in  his  "  Opus  Majus  t"  "  Greater  things  than  these  may  be  per- 
formed by  reliacled  vision.  For  it  is  easy  to  understand,  by  the 
cnnuns  before  mentioned,  that  the  grentest  things  may  sppent  ezceeri- 
ingly  small,  and  contrarity.  For  we  can  give  sucb  figures  to  transpb 
rent  bodies,  and  disperse  thsm  in  such  order,  with  respect  to  the  eye 
and  the  objeets,  that  the  rays  shall  be  refracted  and  bent  toward  any 
place  we  please,  su  that  we  shall  aee  (he  object  near  at  bund,  or  nt  • 
distanie,  under  any  angle  tre  plenae;  imd  thus  from  an  ineredible 
distance,  we  may  nnd  the  smallest  letter,  and  may  number  the  amuUesl 
particles  of  dust  and  sand,  by  reason  of  the  greatness  of  the  angle  under 
which  wo  msy  aee  them  ;  and  on  the  other  band,  we  may  not  be  able 
la  see  the  greatest  bodies  close  to  ua,  bv  reason  of  the  amallneas  of  the 
angle  under  which  they  may  appenr.  for  dxstence  does  not  afisct  this 
kind  of  Tiaiou,  except  by  accideDt,  but  the  qnantity  of  the  angle  does. 
And  thus  a  boy  may  appear  to  be  a  gifint,  and  a  man  as  big  as  a  moun- 
tain ;  because  we  may  see  a  man  under  as  large  an  angle  as  ihe  moun- 
tain, and  as  near  as  we  please.  And  thus  a  small  army  may  appear  to 
be   a   very   great  one,  and   though  very  fat    off,    yet  seem  rety 
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'Mstdh;  and  comrarily.  TbuB  likewise  the  sun,  moon,  ai 
'it  nude  to  descend  hitlisr  in  uppsnrance,  and  be  Tiaibl 
;   and  many  things  of  a  sipoilar  Dt 


which  would  ai 


.nisb  u 


■kilful 


ig  pasaagHs,  noeieav  I 


From  tbe  manner  in  whicb  l3scoo,  ia 

a  effects  of  refiacting  substances  in  modifyiag  I       ,  .    .   _ 

tan  hardly  be  doubted  tbat  single  lenses,  at  least,  were  in  Ilia  tiin# 
lametiiBea  nsed  for  otbei  purposes  tbui  those  of  mere  experimenl  ; 
kngh  the  general  employment  of  spoctieles  to  aasist  the  visual  organs 
C  agod  persona  or  others,  may  be  dsted  from  the  begiiujiiit[  of  the 
Krtsenth  eeniury,  or  just  after  the  period  whea  they  are  eoid  to  bare 
lanmreated  at  Florence. 

riieie  ara  two  distinct  kinds  of  specticlea,  namely,  those  with  eao- 
U  gluues,  wliich  magnify  objects,  or  bring  their  images  nearer  to 
•■SjieB;  acid  those  with  coacare  glasses,  which  diminiah  the  apparent 
|iM  of  objecia,  or  eitsnd  tbe  limits  of  distiact  visioD.  In  old  persona 
"  iisaspBient  camea  becoioes  more  flattened  than  in  youth,  and  pn>- 
ly  the  cryatalline  hamour  undergoes  a  corrBBpondiug  alteration, 
)  conaequenoe  of  which  the  rays  coming  from  objects  do  not  converge 
■  fuoiu,  BOBS  to  form  a  distinct  image  un  the  retina,  unless  tbey  are 
ilativdy  at  a  coniiderable  distance  from  the  eye.  Hence  it  happens, 
inuy  lie  oHen  observed,  that  aged  persona  when  tbey  attempt  to  reed 
■  eranine  a  minute  object,  without  spectacleB,  are  usually  obliged  to 
d  lliebook.  letter,  or  otberobjectat  arm's  length.  Such  long-sighled 
lividtisla  are  termed  prtil'iitii.*  The  manner  in  which  tbey  may  be 
justed  by  convex  glianes  may  be  iUuatrated  by  tbe  snoeied  diagralli  ■ 


Let  C  D  be  supposed  to  represent  a  section  of  the  crystalline  leui, 
•  From  the  Greek  BpluptiZ,  vn  D\a.inui- 
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and  A  B  a  aimilar  section  of  a  spectBcle  leu,  then  the  object  O,  it 
about  six  inshes  from  [he  eye,  will  form  a  perfect  image  on  tbe  retini, 
■t  R;  but  if  thalntter  lens  be  removed,  tbe  object  at  tlie  aame  distance 
will  become  cunfused,  and  in  order  to  obtutn  a  proper  yievr  it  mast  be 
nitbdrSTFii  to  treble  or  perhaps  four  times  that  diilance,  and  if  it  be 
very  bdibII,  tbe  unessisted  eye  muynot  be  able  to  diatinguiah  it  at  noy 

Those  called  short-sigbted  persons  ore  aucb  bh  luTe  tbe  trsnainrenl 
cornea  nuosually  prominent,  and  therefore  the  lajs  from  objecta  enter- 
ing their  eyes  conierge  to  a  focus  before  they  reach  tbe  retina,  anlem 
sny  object  be  placed  very  Dear  the  eye.*  Where  tbia  pecoliari^  of 
vision  existficnly  in  a  slight  degree,  it  is  rather  en  ad  vantage  than  otbflT-' 
vrise,  tia  the  indiTidunle  are  thna  gifted  with  a  kind  of  miorosDapie 
sight ;  for  they  can  see  smaller  objects  than  are  commonly  diaoenied 
by  others,  and  are  merely  obliged  to  bold  them  relotjvelv  Dearer  to  tbe 
eje.  Distant  objecta,  however,  can  only  be  aeenconfuse^y;  andbeace 
the  odventagc  such  persons  derive  from  concave  Bpeclacles.  ^^^^ 
ture  of  the  asaistanoe  which  these  glasses  afl'md  will  appear  fa^^^f 

4 

Let  C  1),  as  before,  represent  a  section  of  the  crygtnlllne  lens,  ibea 
(he  raya  from  tbe  object  O  will  be  rendered  somewbiit  divergent  in 
their  pasBage  tlirougb  tbe  concave  glnss  A  B,  so  that  tbe  efleol  of  fba 
pronuneat  oornea  on  them  will  be  dimiuisbed,  *ud  they  will  fonn  t 


aiMliim 
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parfoet  image  on  die  retina  at  R  ;  whereas,  if  the  concave  glass  were 
ramored,  tbe  rajs  would  come  to  a  focus  before  they  rescbed  the  retina, 
and  diverg:iiig  agaiu  tlie  image  wuuld  be  confused. 

Common  convei  spectacles  and  reading-glesaes,  especially  if  tbejr 
magni^  coneiderably,  have  the  defect  of  defbnaing  more  or  leas  objects 
sot  viewed  through  tbe  centre  of  tbe  lens.  For  t!ie  ravs  which  issue 
from  distant  objects  and  reach  tbe  eye  through  the  bonlera  of  a  lens, 
(iUm^  on  it  obUquelj,aTe  more  refracted  than  tbe  other  i-ays,  ondhenca 
tba  images  become  confused.  To  remedy  tliis  incoovenieoce  Dr.  Wol- 
iMIOn  propoaad  employing  concayo-coDvei  lenses,  with  the  concave 
•idea  turned  towaida  the  eyes  ;  and  spectacles  thus  coostrueled,  called 


laperior  to  those  constructed  an  u 

Tie  E»qnimBni,  inhabiting  a  country  covered  wilh  snow,  would  bo 
■bJMt  to  a  weakness  of  vision  apptuaching  to  blindneaa,  but  for  the 
Mmod  tfaey  adopt  to  guard  their  eyes  from  the  constant  stimulus  of  tho 
Wght  white  light  reSected  from  the  objects  around  tbem.  For  this 
yorpote  they  nae  a  sort  of  apecwcles  iphicbtbey  caU  inou;.(ri;ef,  formed 
tfamall  pieces  of  wood  or  bone,  with  a  narrow  slit  in  tlie  middle,  which 
ttsfizBd  near  the  eyes,  by  atrings  or  thoags  passia;  round  the  bead,  so 
**  '  no  light  can  reach  the  eyes,  eicept  that  icbicb  enters  through  theae 
'  IKS.  These  lude  instruments  not  only  proteot  the  wearers  from 
<SaB  of  light,  but  also  enable  them  to  distinguiBb  more  readily 

PenoDS  whose  sight  is  bo  much  impaired  that  they  End  speclBcles 
■rly  useless  may  derive  great  benefit  by  viewing  objects  through 
irioal  tubes  without  glasses,  but  hnving  only  a  small  aperture  at  the 
d  foithest  from  (be  eye,  and  blackened  in  the  inside.  Such  tubea 
tj  ba  fitted  into  a  frame  and  worn  like  speclaclea  ;  and  they  may  btf  M 
-J — J serviceable  by  being  bo  constructed  as  to  he  leogtliear-^-* 


rs 
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or  ahorten^d,   and  liQfc  tho  aperlur< 


Fnlarged   or  dimlnht 


Tha  iranBilioD  fmni  the  usd  of  a  Bini^le  lens  to  naaUt  vision  to  I 
combiagtions  of  lenses  Tor  viewiog  smiill  objects  maj  be  codmi' 
be  by  no  means  difficult ;  yet  it  appears  tbat  three  Gvuluries  e 
between  the  invsntion  of  epectacles  and  that  of  the  micnHctqw. 
ceni  atlributea  the  idventioD  of  the  lauer  iaetiuaient  to  Cof 
Diefahd.t  obont  16il ;  othera  to  the  famous  Galileo,  or  to  F 
tuna,  >  }i  enpolitBO ;  sod  it  ii  eitiemelf  probable  that  tbs  idea  mv 
occucred  la  ditferent  peraone  engaged  io  scientifio  puraiiitg,  aboi 
aanxe  period. 

The  Simple  Microscope  ia  merelj  a  single  convex  lena  of  bigl 
nifving  power;  and  it  may  coaaiet  of  a  globule  of  glass,  ibnil 
holding  a  small  &B;:nient  of  Hint  glass,  on  a  piece  of  iron  win 
tened  at  the  end,  in  the  flaiue  of  a  spirit-lamp,  and  letting  it  drop, 
fused  on  a  sheet  of  paper  plaued  to  receive  it.  The  globule  mot 
be  fitted  into  on  eperture  drilled  in  a  small  plate  of  brisa  ;  or 
gliias  ErBgmcat  be  plaoed  in  the  first  instaDce  over  such  an  apett 
■  thin  plate  of  plnlina,  jt  maj  be  fused  )ij  ezpoaingit  tothe  Aam 
becoDuag  fixed  in  the  little  hole,  it  will  form  a  microscope 
mounted.  Such  microacopea  muBt  neccasanljr  have  very  «Wi 
and  can  therefore  be  need  ontj  for  examining  extiemelj  n 
objects.  The  mBgnifviDij'  powera  of  lenses  are  iuversely  aa  ^eii 
lengths:  thus  a  convex  leua  whose  focal  distance  ie  'i  inchei 
increase  the  linear  dimenaians  of  the  image  of  an  object  S 
and  its  whole  euperfioea  of  an  object  So  times;  and  a  lens  thi 
distaoce  of  which  ia  is  of  an  inch  will  magni^  an  object  100  dj 
to  linear  extent,  and  10,000  times  as  to  aupeTficial  extent. 
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HxperimoM.  long  before  tliU  period,  though  the  amngemeDt  of  then 
AO  u  to  furm  ttileaoo|>eB,  ami  tbolr  ^neral  uppUcation  to  tbe  purpoaes 
of  acienre  taay  be  dated  froia  the  time  jost  mentioned.  Accidenl  ia 
■uppoBvd  to  hare  led  to  the  discDTerj  of  this  importuit  inatnuneiit, 
which  has  been  varioualjc  atlribnted  to  Zacbarf  Jansen,  oito  John  Lip- 
]ierahemi,  who  were  Dutch  apectacle-mnJiera  ;  and  the  impro*emeiiU 
made  on  theee  perspectiTea,  bb  thev  were  atjled,  bj  Gnlileo,  Jobs  Bnp- 
tiit  Porto,  Simon  Msriua,  and  odierB,  may  account  for  tbar  beini; 
BOmetiroes  represented  a»  the  inventota  of  the  telescope. 

I'he  mo«t  simple  kind  of  refracting  or  dioptrical  teleacape  a  that 
termed  the  aatroaoniicBl  teleacope,  conaisting  of  two  coovei  lenses,  an 
objert-glaaa  and  an  eje-glasa,  the  foci  of  which  concttr  in  tbe  same 


■-ss;^^ 


Let  A  B  represent  rays  from  some  distant  object,  as  a  star,  tbea  tbe 
image  formed  bj  the  object-glass  C  U,  being  viewed  throagh  the 
eve-glass  G  H,  will  have  ita  apparent  diameter  magniSed  accordingly. 
■fbuBiif  the  object-glass  have  amagniiying  power  equal  to  10,  and  tlil 
of  the  eye-glass  be  equal  to  6,  the  objeel  »t1I  be  magnified  to  10  X  6 
^  60timOB.  Withsucbs  telescope  the  image  will  be  formed  in  vencd 
with  respect  to  ibe  object ;  but  as  it  ia  only  used,  as  its  cams  implifc, 
lor  Buiveying  celeatiu  bodies,  tbis  defect  is  of  no  importance. 

The  terrestrial  telescope  invented  by  A.  de  Rheita,  differs  from  tbe 

S receding  in  being  liitnished  with  two  additional  eye-pieces,  so  that  il 
aa  in  all  four  glasses  :  and  Ilius  the  images  of  objects  appear  erect, 
and  the  instrument  is  adapted  for  viewing  sbips,  buildings,  &c. 

Tbe  effect  of  common  lenses  in  producing  apherical  and  chioniBllc 
aberration,  and  tbe  consequent  imperiectiDnK  of  aucb  teleacopes  ai  these 
JQSt  described,  have  been  already  pointed  ont ;  as  also  the  melhods  of 
correcting  anch  errors,  tvith  leferenoe  to  the  prineipteaon  which  achto- 
K  lenses  are  constructed ;  ond  therefore  tbe  stibject  need  not  btn 


fiutber  noticed.  For  the  descriptinn  and  development  of  tbe  pro- 
itjei  of  varioufl  modificationa  of  dioptrica]  telBscopas,  we  most  refer 
»  remder  to  ilie  works  n^entiDned  in  the  note  below,* 


Newton,  as  elaewtiere  stated,  despairing  of  the  diecorery  of  B  method  ■ 
fomiing  achromatic  loDses,  directed  his  utlention  to  the  unproTem«n4  J 
ths  cntadiopCric  telescope,  invented  by  Frafeasor  James  Gregory,  i"^ 
bich  ui  image  farmed  hy  m^ans  of  a  roncaye  mirror,  or  apuculnm, ' 
ffawed,  after  a  second  reflection,  throngh  a  cnnvei  Ions  or  eye-glau 


Tke  preceding  diagram  shows  the  general  conaCruction  end  nthtt  gf  ■ 
■  Newtonian  Heflecting  Telescope,  in  which  tbe  concare  metBlUttf 
Muliim  C  D  receives  the  rays  issuing  from  the  object  A  B,  which  H  1 
iders  ooovergenl,  nod  Ihaa  forms  a  reveraed  ima°:e  in  the 

E  F,  inclined  at  an  angle  of  45  degrees ;  and  this  image  I 

)d  to  d  f,  at  the  focus  of  the  lens  or  e;e-glsss  G  H,  is 
^  the  aperture  before  il,  hy  the  ohserver.  In  the  original  0 
regorian  telescope,  the  image  is  rie wed  by  looking  lowardsthe  obiec" 
in  tbe  lefroGtiog  telescope  ;  and  tliere  are  other  modifications  of  ^ 
[,  as  those  of  Cassegniin  and  llerschel ;  for  descriptivt 
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fumeoDi, 

puhli-iUeil  hy  th 

Society 

for  the 

optlcaJli 

tices  of  which  tbeirorls  mentianed  in  flie  preceding  note  toavbi 
suited. 

ne  CtiBura  Obwuro. 
The  manner  in  whicli  jmageB  may  be  formed  in  n  Camera  Obseora,  tm 
darkened  chamber,  bas  been  ulreBdy  described ;  but  there  is  aa  inatra- 
menl  in  b  portable  form,  and  ndaptud  for  immediate  use,  which  bean 
the  guma  deaignntiou,  aa  ita  oSecta  depend  on  the  appljcalioD  of  the 
same  principle  to  practice.  There  are  alBoyarioua  modificBtiooaoftbe 
portable  camera  obaoura,  mpong  the  more  convenient  of  vhich  ji  that 
Tepresented  in  the  anneied  figure. 

It  Gonsjata  of  n  sqnare  box.  A,  with 
"    ""  a  circular  apertore  in  front,  into  which 

extrenuly  a  convei  leas.      This  lube 

is  made  to  slide  backward  or  forward, 

.    BO  that  it  mty  be  adjusted  to  the  pro- 

■   per  point  for  near  or  distant  ol^ecta, 

Tbeo  the  laja  O  P,  proceeding  ftoDi 

any     object,    pnBaing    through    the 

lens  will  form  an  ioTerted  ima^  in 

the  posterior  focus  of  the  lens,  which  being  received  on  a  tsflecting 

mirror  E,  incUned  it  an  angle  of  4.^  degrees,  will  lie  thrown  on  a 

plate  of  ground  glass  at  the  top  of  the  boi.    The  image  tlius  formed 

'le  tr»Bed  on  the  rough  Burfacs  of  the  glaaa,  by  a  blaoklead  pencil 

LjOQ  of  red  French  chalk,  and  ef^rwards  taken  off  on  paper ;  or 

L  the  figuTHB  may  be  drawn  on  tracing-papec  utuced  en  the  ground  glsaa, 

k  Ihrough  which  they  will  ba  readily  perceptible.   The  lid  of  the  hoi,  X, 

*  two  jude  winga,  which  being  raised  when  the  instrument  ia  in 

>,  will  exclude  the  superfluoUB  tight,  and  thus  render  the  imagei 

In,  inienled  by  Dr.  Wnllaaton,  ia  an  inatrameot 

:s  to  the  preceding,  bat  of  smaller  dimeuajooc, 

t  for  mauy  purposes,  as  for  deltnenting 

ipvingorreduciDgdrawingB.  It couaista eg" 


■  'Vd  therefore  more  con 

^  f*^t  objects,  fiaAlbreappi^ 

a  quadningQlar  glaaBpIiim,>i^  ■w\\iiAthe  rays  from 


!e  reSected.  and  thus  tamifti 
M  fitted  horiionWilV  ^ 


y^m 
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a*7  be  placed  in  n  proper  position  ;  anil  the  brass  frmnnoflhptQstnht  I 
meot  has  nauallj  two  lenses  adapted  Ic  ' 
the  former  (o  be  used  bj-  abort-aigbted  peraons,  and  tbe  laltar  for  laag  J 
•igbta.  There  are  varioua  improvement  and  tnodificetions  of  tlM  4 
Buuera  Inoidn,  the  best  of  which  appean  to  Le  tliat  contrir«d  by  Signot  1 

The  Magic  Lanier n. 

live  optical  machine,  thaca  I 
Lantern,  invenled  by  Father  | 
Kirciier.  It  is  oompoaed.u 
ahown  by  the  sectional  vieir 
in  the  margin ,  of  a  square  tin 
box,  containing  D  lamp,  be- 
hind which  ia  placed  a  me- 
tatlic  concave  reflector  ;  and 
in  front  of  the  lamp  in  a 
plano-oonvei  lena,  which  re- 
ceiveg  on  its  plonesarface  tlie 
ight  of  the  lamp, 


1  the 


object,  which  is  magnified 
by  another  lens  fitted  Co  tlia 
extremity  of  a  tube  project- 
isg  from  the  lantern.  The 
objects  are  punted  on  thin  platee  of  glass,  which  may  be  passed  through 
a  narrow  opening  in  the  tube  between  the  two  lenses.  This  lube 
mnsi  be  double,  one  end  moving  within  the  other,  so  tbat  Che  tube 
carrying  the  outer  lens  may  be  drawn  bacltivsrd  or  forward,  till  the 
object  is  in  the  conjugate  focus  of  that  lens.  Then  if  it  bo  turned 
towards  a  vertical  screen,  a  uegnified  image  will  be  fonnod ;  and  tlie 
further  the  lantern  is  witlidrawn  trom  the  screen,  the  lai^r  will  the 
object  appear :  but  when  the  distance  is  considerable  it  becomes  indis- 

Several  years  ago  sn  exhibition  took  place  at  London,  and  afterwards 
at  EdinbuTgb,  conducted  by  M.  Philipsthal,  and  called  the  Phantaima- 
garia,*  resembling,  in  tbe  general  principle  on  which  it  was  founded, 
the  magic  lantern,  but  rendered  more  imposing,  by  having  the  objeotB 

•  From  the  Greek  *i4vTa5(ia,aB5B«aB,airfi,'Mos'*-»"'™>™'^>^'^^J 
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paialad  on  a  Iar|[er  scale,  and  IhB  figureg  being  prcjooted  od  a  tn 
parent  ourtnin  of  gummed  taffeUi,  by  which  the  machinary  was  c 
cealed  from  tlie  speciatora.  1  magss  to  rvpresent  pbosU.  BketetoOB,  i 
other  objecU,  BiD^lar  or  appalling,  were  UiU9  displayed,  and  forati 

wbich  Buch  effecta  migbt  be  prodHced  basbeen  deecribcd  by  Dr.  Thoi 
Voung,  and  aliio  more  recently  by  Sir  D.  Brewster.* 
The  Satar  Microscope, 
Thia  inatmment  dilTeis  from  the  magio  lantern  priacipnlly  in  the 
ture  of  the  objects  inhibited  by  it,  and  the  manner  in  whith  tfaey 
illuminated.  This  pnrxioBe  is  effected  by  admitting  the  ra^a  afthei 
into  a  darkened  room,  tbrougbaleos  placed  in  an  aperture  in  a  windi 
received  by  a  plane  mirror  filed  obliquely,  c 


aide  the  shuCtE 

placed  between  this  lena 

microscope; 


(Of  the 


:ally  on  the  lens.     The  objec 

■mailer  lens,  as  tn  the  oamn 

lage  thus  formed  ia  to  be  reoeiTod 


Mr.  George  Adams,  an  eminent  optician,  invented  an  inatmmf 
which  he  called  the  ImcsttwI  Micrasctpe.  so  conatmcted  that  obj( 
might  be  illuminated  by  the  light  of  a  lamp  ;  and  thus  the  microsci 
could  be  UBfiil  at  nnj  time,  or  in  any  situation.  An  improvemenl 
thia  mode  of  displaying  highly  magmfied  images  of  minute  obiectal 
'' light  produced 


'  displaying  hig    ^        ., 
Bntly  been  adopted,  by  employing  the  splendid 
ihe  combustian  of  oxygen  and  hydrogen  gases  an 
ments  have  been  fitted  up  far  the  public  eihibitiou. 


in  then 


1  interesting  phenomena  with  nhich  i 
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an  ELBCTRICITA8  BA  CORFORUM  PROPRIBTAS,  QUA  P08TQUA 
ICTA,  VBL  A  80LB  lONBVB  CALBFACTA  SDKT,  VIM  ACQUIR1 
RBIIOTA  ALLICIBNDI  BT  REPBLLBNDI,  AC  BJRVK,  BED  NON  SBK 
COIfSPICUAM  SPAROBNDI*  QUIA  HAC  PROPRIBTAS  PRIMUM 
BLBCTBO  8IVB  BDCCiKO,  FLACUIT  RBCBNTIORIS  JRVl  FHIIjO 
BLBCTRICITATIS  IN8IONIRB,  VoYISQUB  8IMILIBUS  VERBIS 
DIVBR8A8  0PERATI0NB8  INDICARE. 

Mussclienbroek  Inttitutk 


ELECTRICITY. 

Ajiono  the  physical  Bciences,  there  is,  perhspa,  no  other  so 
diately  and  completely  the  resolt  of  the  resenrches  of  modem,  and 
especinlty  of  coDtemporarj,  philoaopfaeTB  aa  Electiicitj.  It  is  truethnt 
tiie  BDcienta  were  ocquBinted  with  one  of  ita  graad  chonicteriatic  pbe- 
IKrnieiia>  namely,  the  property  which  eome  hodies,  under  certain  cir- 
enmstancaa,  poBseas  of  attracting  varioua  other  hodiea.  Thus  Plato, 
Theopbnutua,  Diasaorid«s,  Plinythe  Elder,  and  other  Creek  and  Ro- 
man writers.  Btats  that  Amher'  may  ho  made,  by  rohhing  it,  to  attract 
TBTj  light  aubatances,  much  in  the  same  manner  na  the  loadstone  at- 
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jM,  belenmite,  tiie  emerald,  jiiapeT,  md  some  otber  prMioQa  stones. 
And  notices  oocut  in  the  wTitiDgs  of  the  ancients  cenceraiag  other  O' 
tunl  plntiQineiiB  nan  known  to  depend  on  electiicitj  ;  but  all  tbeae  a 
leporled  as  isolated  tacts,  which  tliey  nerer  referred  to  a c 011110011  cans 
nor  proposed  any  theory  to  explain  and  illustrate  them. 

Th&  iirst  attempt  tonarda  a  generalisation  of  phenomena  which  hi 
been  bo  long  before  obaerred,  and  to  bo  Little  pu^iose,  was  madetowatt 
the  end  of  tlie  sixCeeoth  oeatury,  by  Dr.  William  Gilbert,  a  phyiloiai 
who  wrote  a  very  curious  ami  on^al  treatise  uu  the  Uagnet,  ui 
being  led  by  analog  to  make  experiments  ua  the  attractive  propertj'  1 
amber,  be  fonad  that  the  power  it  paaaeaaed  of  attracting  light  ml 
Btancet,  was  one  whteh  might  be  induced  bv  friction  in  BeT^al  olb 
bodies;  and  hs  therefore  regarded  it  u  originating  from  a  commc 
cause,  la  the  following  century  the  subject  was  further  inreitigaU 
by  Boyle,  Otbo  Guencke,  Sir  1.  Newton,  and  others  ;  but  tboi^  lb( 
accomulated  &cts,  they  were  not  such  as  were  of  a  nature  en  wbii 
to  found  general  principles  i  and  what  was  known  of  eleclriDity  by  i 
means  deserved  the  appellaCioa  of  soieuce.  lo  the  early  put  of  tl 
last  centtiry,  Dr.  Hauksbee,  a  pbyucisn,  made  many  eleotnrad  ezpai 
ments,  from  which  he  sscertBined  that  glnae  was  a  Bubstanoe  ia  Wail 
the  properly  of  electric  attraction  could  be  most  readily  eioitad  I 
friotiao ;  and  Ibtit  some  other  bodies,  eipecinlly  metals,  treated  is  1^ 
same  manner,  manifested  no  elsctric  power  whatever.  But  the  gnu 
discovery,  which  led  to  the  claaaiii cation  of  all  materi/il  bodies  ondi 
two  diTisiDDB,  aa  being  either  conductors  or  nou-conductors  of  elacti 
city,  was  made  by  Mi.  Stephen  Gray,  a  pensioner  at  the  CharterhaDS 
London,  wbo  died  in  173li.  This  gBntleman,  having  occnpied  himsi 
with  rarioua  expsrimeDts,  partly  suggested  by  the  researches  of  Hsuk 
bee.  in  attempting  to  ascertain  how  far  the  elsctric  iufiueuce  could  1 
propagated  by  means  of  a  line  connecting  two  bodiea,  found  lb 
when  an  ivory  ball  was  suspended  from  an  electrified  glass  tube,  by 
ailk  cord,  the  electric  influence  would  be  distinctly  manifested  bj  ll 
boll  at  the  distance  of  mare  than  700  feet;  but  wliea  a  metal  wire  n 
used  to  suspend  the  ball,  it  gare  no  signs  of  electricity  whatever. 
was  likewise  ascertained  that  glass,  boraohair,  amber,  a  '  *  ~~ 
as  silk,  and  in  general  all  tboso  bodies  which  can  be  n 

*  V.  Mussehenbroek  InsHtutlaneB  ptiytlcc,  lite,  svo. 
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flered  eleotriebj  friction,  alsopoaseas  (ho  property  of  iDanlBtioE,  or  pro- 
-rentiiig  the  escape  of  electricit j ;  irbile  oietsU,  wood,  linen,  andwatar, 
IkBTB  no  «icb  eftect.  aufierisg  electricity  to  KscapB  through  them  into 
•By  other  bodiBB  with  which  they  may  came  in  contact.  Thus  in 
Ur.  Gray's  eiperiments  the  electric  fluid  was  conveyed  by  the  Bilk 
4uie  from  the  excited  Cube  to  the  bail,  and  not  suffered  Co  escape 
Aroi^h  the  pmnta  at  which  the  line  was  supported;  but  the  wire  being 
■'  good  conductor  of  eleetricitj,  it  passed  oS'  freely  into  the  first  suh- 
'Manoe  with  which  it  came  into  contact.  Could  the  wire  hSTe  been 
tatended  for  a  mile,  or  any  givan  distance,  through  a  dry  atmosphere, 
Wilbout  touching  any  anbatance  ia  its  passage,  it  would  have  trnni- 
-aitled  the  electric  influence  wiUi  facility  from  one  end  to  the  olher. 
-  It  had  been  pTevioiiEly  obaerred  that  light  was  often  given  out  in  the 
'taaa^e  of  electricity  from  one  body  to  aoother  through  the  air,  when, 
«1 1T44,  Dr.  Lndolf,  of  Berlin,  discovered  that  ether  coutd  be  aet  on  fire 
(fcy  spsriiH  produced  by  friction  from  a  glaas  tube ;  and  in  1746,  the  dis- 
•noTKcy  wss  aocidntitally  tuode  at  Leyden.  that  the  electric  influence 
4Du]d  be  accumulated  in  a  bottle  partly  filled  with  water ;  and,  by 
■maUag  a  oommuoication  between  the  water  and  the  exterior  aurface  of 
As  boUle,  what  is  termed  an  electric  abock  might  be  oommunicBled  ; 
vbence  a  bottle  or  jar  with  a  metallic  coating,  which  haa  the  anme 
•ffoct  with  water,  has  been  termed  the  "  I^yden  Phial,"  These  disco- 
Tsriea  led  the  way  to  those  of  Ur.  Benjamin  Franklin,  wbo  experi- 
■leDtally  SBcertained  what  bad  been  before  conjectured,  that  lightning 
'"  ~       '     '  '  :al  phenomenon.     The  mode  in  which  be  conducted  tbe 

and  having  attached  a  key  to  the  lower  end  of  the  hempen  string, 
'■no  insulated  it  by  fastening  it  to  a  post  by  means  of  ailk,  befound  that 
"WhMi  a  thunder-cloud  had  appeared  for  some  time  over  the  kite,  eleo- 
ifticitr  was  received  by  it  and  conveyed  through  the  string  to  the  key, 
"vhich  gave  out  electric  sparks,  on  the  knuckles  of  the  hand  being  pre- 
■Hnted  to  it.  Science  is  also  indebted  to  Franklin  for  ilie  Eonslmction 
^  ■  theoTV  lo  uccouut  for  the  phenomena  of  electricity,  which,  with 
#Dme  modiGcationa,  ia  still  regarded  aa  affording  the  moat  aaliafaclory 
Mnods  of  explaining  tbem. 

The  exhibition  of  phenomena  apparently  depending  on  electricity,  hy 
the  voluntary  action  of  animals,  in  the  case  of  the  Torpedo  and  some 
I  sthoi  Gshas,  which  oommunicBte  a  kind  of  electric  ahock  to  Chose  wbo 
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touch  lljem.liBd  long  beeu  known,  when  Galvani,  profesflor  of  nnaloinr 
at  Uologna,  in  1790,  observed  that  tlie  cootuct  of  metals  with  the  nervei 
HnU  muscles  o!  a  frog,  receutly  killed,  produced  convulsjge  motioOB, 
whioii  might,  foi  some  time  uflor  the  death  of  the  animtd,  be  reDened 
St  pleasure,  by  repeating  the  application  ef  the  metalfl.  Taeae  lin^olar 
pbenomenB,  with  others  of  an  nnalogoua  kind,  were  at  first  supposed 
to  depend  on  some  peculiar  oclioD  of  menis  and  some  other  bodies  oci 
ttie  nerves  oTiuuinaU  ;  and  regarded  ee  constituting  the  foundntian  of  i 
new  science,  to  which,  in  honour  of  tba  original  discorerer,  was  appro- 
pristed  the  sppellatioo  of  Galvanism.  Some  philosophers,  noticing 
tha  apparent  connexion  of  these  appearances  with  the  hemimhing 
power  of  the  Torpedo,  and  the  reiation  that  seemed  to  exist  betwooa 
the  effects  and  those  arising  from  elaeuicity,  ascribed  tiie  former  to 
some  peculiar  modiGcatioa  of  the  electric  influence,  to  which  they  gave 
(he  designation  of  Animal  Electricity.  UoRerer,  the  ituportant  disco- 
very by  rrofessoT  VoltB,  of  Pavia,  of  the  electric  effect  of  certain  ar- 
rangements of  different  metals,  forming  what  hss  been  since  called  a 
Voltaic  Pile,  and  sometimes  a  Galvanic  Pile,  and  that  of  the  similarity 
of  (lie  eSecI  of  electricity  accamulated  &am  bodies  excited  in  tbe  osml 
manaer  by  friction,  with  the  effect  of  lucb  a  pile,  in  causing  the  cbe- 
micai  decomposition  of  water  and  metallic  oiidea,  contributed  to  tbe 
intniduction  of  more  correct  view's  of  the  nature  of  electrical  and  Gal- 
vauio{ihenomena,ae  all  depending  on  the  various  operation  of  the  same 
onuses,  Biid  as  belonging  to  the  same  scienee. 

Among  the  very  latest  discoveries  in  natural  philosophy  are  oertan. 
singular  and  important  facts  wliich  afford  grounds  for  extendiag  the 
theory  of  electricity  so  as  to  include  the  rationale  of  bU  those  pheno- 
mena previously  regarded  aa  belonging  to  the  separate  science  of  mag- 
netiam,  which,  however,  from  its  connexion  with  the  art  of  navigation, 
and  its  application  to  practical  purposes,  may  vrith  proprietj  form  a 
distinct  subject  oF  investigation.  The  term  Electro-magnetism  bu 
been  adopted  to  designate  tbia  class  of  pbeaomena;  andthetof  Eleotio- 
ohemialry  has  beeu  used  with  refereace  to  the  effect  of  the  slectric  in- 
fluence on  the  chemical  composition  of  bodies  i  tbe  manner  in  whidi 
bodies  are  affected  by  the  irregular  diatribotion  of  heat,  inducing  in 
them,  or  dissipating  electricity  or  magnetism,  has  been  made  the  sub- 
ject of  research,  and  provided  with  a  pectiliar  appellatJon,  in  that  of 
XbermD-electricity ;  there  seems  also  to  be  eoms  mysterious  connexioa 
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m&e  electric  m  magnetic  uiBueDce  and  light :  eo  tliat  it  must 
ke  obrioas  that  the  acieace  of  electricity  afforda  a  moat  eilenaive  field 

_  t  nntuTBl  philoaophy,  as  to  cluim  the  alosett  nttention  from  tboBe  who 
ve  interested  in  tiie  progceas  of  physioal  acienae. 
■.  Within  the  limited  apace  to  wbich  this  sketch  la  restricted,  it  will 
'a  impasiible  to  attempt  more  than  a  cursorT  view  of  the  most  striking 
od  esisntiBl  phenomena  of  electrioily  or  olertro-magnoliBin,  with  a 
Wr  illuatraliTe  eiperiments  and  ohsarTations,  which  may  furniah  cor- 
tct  ideas  of  the  present  Btnte  of  oui  knoivledga,  and  enahle  the 
mg  inquirer  to  stud  j  with  advantage  works  of  greater  extent  and 
^r  TeseBTob. 

ElBOtricity  may  ba  investigated  under  aeTeral  points  of  view.  1. 
Si  reference  to  the  sources  of  electric  influence.  S.  With  respect 
ts  cauBB,  iacluding  the  development  of  the  hypothesis  of  tbeeliwtric 
1.  ortioidsTBDdthe  properdeH  ascribed  to  them.     3.  The  distribntioa 

ilectrk  Suid  in  bodies  imbued  with  it,    4.  The  action  of  electrified 

fra  on  thoae  which  are  in  [heir  natoral  etate ;  and  the  phenomena 
ueumulated  elaotiictty.  S.  Tbe  production  of  electricity  by  the 
laet  of  different  aubsunceB ;  or,  Galvanic  electricity.  6,  The  pro- 
tion  of  electricity  by  heat ;  or.  Thermo-electricity.  7.  The  phenO' 
la  of  electric  currenta  ;  or.  Electro-magnetism.  To  these  might  bo 
Mdded  levera!  oUier  lieada  of  inqniiy,  as  regarding  the  effect  of  electri- 
4bUj  on  the  tirhic;  bodies  of  snimals,  in  health  or  disease  ;  the  inresti- 
Mtion  of  the  natural  electricity  of  marine  animals,  as  tha  Torpedo  and 
Gymnotus  Electricus;  the  chemical  eSecls  of  electricity;  and  the 
Utare  of  atmospheric  electricity,  or  tbe  csuaes  of  lightning,  hail,  th^.  J 

Origia  ami  Pn^trtia  of  tU  Electrie  lajlueace.  ■    I 

Some  of  the  usual  effects  of  electric  infiaence,  such  as  the  nttractioa 
'  light  bodies  by  glass  tubes  excited  by  friction,  the  production  of 

iTMtigatioa  of  which  forma  the  subject  of  that  branch  of  natuml  phi' 
Joaophy  ennstituling  the  science  of  Electricity.     Like  the  essential 
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causes  of  light  and  hest,  that  of  electricity  can  Only  be  inferred  froni 
□baervatioD  and  eiperiment.  j)at  in  crdet  to  trace  with  accuracy  tbe 
operations  of  this  (lOweKul  agent,  and  elucidate  ita  mode  of  action,  some 
hypothetical  priaciple  may  be  advanlHgeonaly  BEaumed,  by  meHDs  of 
which  the  pheDOmena  may  be  conaected  and  accounted  lor,  as  leaull- 
iag  iiom  its  iotlueDce  DDder  *nv  giren  cintDBUtannes.  Hence  tbe  ei- 
iatenoe  of  an  ethereal  Said,  either  identieal  or  analogoua  with  ibit  On 
which  dopeiid  the  phenameiiB  of  light  and  heat,  may  be  admitted  ;  md 
tbe  term  electricity  or  electric  fluid  may  be  employed  10  daaignate  il. 
But  we  abould  carafullj  avoid  conaidering  il  aa  a  paliiable  form  of 
matter,  tbe  eiiatence  of  which  can  he  directly  demonatrated .  Instead 
of  which,  it  Ehonld  be  regarded  a>  merely  a  convenient  method  of  ex- 
plaining certain  nppeoranoea,  and  showing  their  mutual  rehitiona,  SA 
that  we  may  be  enabled  to  contemplate  them  in  connexion  with  eaeh 

Dr.  Franklin  sdvancad  a  theory  of  electricity  by  menns  of  which  ha 
accounted  for  the  phenomena  as  Qependingon  the  action  of  a  partionliir 
fluid,  existing  in  all  bodies,  and  of  which  each,  according  to  its  capa- 
city, posaesaed  a  relatively  greater  or  smaller  quantity.  When  thia 
fluid  ie  in  a  slate  of  equilibrium,  or  equallr  distiibatsd  among  two 
or  more  bodies  in  communicBtion  with  each  other,  il  is  qniegcen^ 
and  no  particular  effects  are  perceived;  but  If  the  equilibrium  be 
destroyed,  as  by  the  contact  of  a  body  in  a  different  electrical  slat*, 
a  new  diettibution  takes  place,  and  vanoua  phenomena  may  arise  from 
the  passage  of  electricity  from  one  body  to  anollier.  I'bus  the  pheno- 
mena were  supposed  to  depend  on  the  eioesa  or  defect  of  the  electric 
fluid;  those  bodies  which  were  overcharged  vrilh  it  having  a  lendetlcy 
to  impart  it  to  othera,  and  those  in  which  it  might  be  leas  abundant  to 
receive  it.  It  fiirther  appeared  that  bodies  in  a  similar  itnte  of  electri- 
city, whether  of  excess  or  deficiency,  always  attracted  each  other  i 
while  boilies  similarly  electrified  constantly  repelled  each  other:  the 
VBTma  paitii'e  and  nF^tivfi«^(rjcih/were  therefore  adopted  to  designate 
the  states  of  bodies  as  to  the  quantities  of  electric  fluid  contuined  in 
them ;  tlioee  in  which  it  was  supposed  to  exi 
positively  electrified  bodiea.  and  tbass  in  which  tbe  qusnti^  w 
tively  deficieut  neg;atively  electrified  bodies. 

is  theory  accounts  setiaractorily  tor  some  of  de  n 
■        ■  ■         loilliicUit 
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y  con^Bt\Wace  of  whicb,  though  once  generBllv  r 
Dost  eulirely  abandoiied,  tmd  hns  been  re|>tiiced 
ilinaUy  prapoattd  by  Mr.  Syuimet,  an  ingcniuus  pkili 
Iribed  the  appennuuwB  obserTed  to  the  eiistence  of  two 
jOtrio  Said,  oad  theic  aepante  or  united  infiueDce  undi 
■HunBtBiioeR.  Accordiog  Ut  this  gynem 
Uin  sleobio  flaid ;  and  tlie  earth  itself  is  to  b«  regBtded  as  m 
neaao  reEervoic  of  eSectticity.  This  fluid  is  euppoaed  to  oooaist  of 
mbaudoEL  of  two  distinct  ethereal  eflaeucea,  which  nentraltN  eBoh 
Sf  i  md  it  is  only  when  they  sra  separated  that  electricvl  plieuomeui 

RDtMarred,  Tbey  may  be  eeparalely  collected,  and  thus  nude  to 
il^  their  distinct  properties ;  but  they  manifest  a  strung  diapoaitiait 
reunite,  and  it  is  priacipally  at  the  inatant  of  reunion  that  ihe  moM 
ildng  appsBiDncea  aie  exhibited;  for  their  combiiiatiDn  panJyMi 
lir  several  powers,  and  the  tompound  fluid  becomes  perfectly  fiuie*> 
_tl  uid  ineSectire.  Tn  these  fluids  Engliali  pbilMophers  bare  geno- 
By  prta  [be  names  of  patitm  and  jitgatiot  flaids,  borrowing  in  put 
la  phraaeolngy  of  Franklin.    In  Franca,  however,  Uie  former  Jiea  I" 

^tiie  friction  of  glaas ;  and  the  latter  has  received  the  designalio     __ 
rainimijtvid,  as  it  is  in  the  xuue  manner  exhibited  by  the  friction, 
resin  or  sealingwax :  though,  aa  will  he  subsequently  ahown,  the 
dtiTe  or  TitreouB  fluid  may  bo  eihibited  by  rubbing  reain,  and  the 
JDOua  fluid  on  the  contrary  prcxluced  fiom  the  friction  of  glaaa  ;  the 
KSts  of  depending  partly  on  the  nature  of  the  aubstancea  applied  U 
glass  or  the  resin  res|>ectirely,  snd  being  modified  by  the  relativa 
iperatare  of  bodies,  and  other  drcuniatanci 
^ne  of  the  most  simple  yet  at  the  aame  time  important  eiperimat 
•how  the  effect  of  bodies  in  different  states  of  electricity  may  be  p« 
mod  by  means  of  a  glass  tube,  about  tbree  feet  in  length,  and  thtei 
.arten  of  an  inch  iu  diameter :  on  rubbing  which  with  a  dry  sT 
Udkerehief,  it  will  become  excited  with  positive  electricity ;  and  ii 
lit  downy  feather,  quite  clean  and  diy,  suspended  from  a  ailk  T 
held  near  the  tabe.it  will  be  immediately  attracted  and  adbei 
tif  it  be  then  witlidrawa,  still  held  by  the  silk  line,  and  not  s' 
come  in  eontact  with  any  other  body,  it  will  be  found,  oi 
IT  Ihe  tube,  to  be  repelLad,  instead  of  being  aCtrai 


1 


«48  EtECTRICITT. 

before.  These  appesiancea  are  to  be  eipluined,  i 
feaiber  ha™g  been  imbued  with  negntiTB  electrioi^  JL.^ 
nd  iberefore  becoming  Httiscted  by  the  pcMiliml)^ 
h  baring  commimicated  a  portion  of  its  electritf 
efficient  to  Deutrnlize  its  farmvr  eleotricity  and  bri 
e  BtBte,  both  bodies  become  Himilarlv  electrified,  H 
ssfad  ^y  the  feathaq 

«  rubbed  nith  diy.al 

cloth;  aiiditwillbepoTOeiTeiithHttbe  EUSpendad feBUMH 

t  n-ill  be  first  attracted  and  then  repelled,  ta  in  tho  n| 

hit  if  the  feather,  aftor  having  bean  poaitiTalj'  electrifieM 

"th  the  eidled  glass  tubfl,  be  presented  to  the  aenlingwax,  i 

repelled,  ss  it  would  be  b7  the  tube,  if  agdn  presented 

laid  be  more  stroafly  attracted  bv  the  sealingwax.  than  wl 

[stturat  ataie.plainlydeinonatratingtbat  since  it  baa  been  poaiti 

|>'ttjfied  by  the  glaSB,  the  senlingwax  which  now  attraclH  it  ma 

— —^ ""'"       This  erperiment  may  be  reversed  by  preae 

.    .   ._.  ituml  BtBtB  to  tlie  excited  senlingwai,  and  thi 

I  'Ing  it  near  the  glass  tube,  by  which  it  would  be  instimtly  a 
'  *"  y\ag  been  negatiTelr  electrified  by  contact  with  the  aes 
it  attaches  itaelf  to  the  positively  electrified  tubs. 

It  has  bean  observed  that  whenevet  electricity  ia  ezeitei 
friction  of  one  body  agaioat  another,  both  kinds  are  produced 
body  becoming  negatively,  and  the  other  positiTely  electriSei 
when  glass  is  mbbed  by  eitk  or  llannel,  negatire  electricity  i 
,  Id  the  rubber,  while  the  glass  heeomes  pnsilirei  and  if  sealii 
J  latin  be  rubbed  with  flannel  or  woollen  cloth,  the  negative  ei 
1 -VKQited  in  the  reaiu  or  wax  will  be  acoompenied  by  the  devi 
fcltf  poaitive  electricity  in  the  wuoHen.  Paliahed  glass  acqnires 
'~  '  '  '^  from  fiiationwilh  almost  all  substances  except  ths' 
renders  it  oegBtive  i  butif  ground  gisas  be  mbbed 
'  these  siibatances  wUah  eicite  positive  electricity  ii 
irill  become  negatively  electrified,  and  the  rubbjn^bf 
itively  electrified.  So  sealiugwax  when  mbbed  agB|r- 
I,  if  the  surface  of  the  fotmei  be  smooth,  it  will  be  a 
'e  electricity ;  but  if  its  surface  be  previoiuly  it 
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it  will  become  poaitir^lj  electriAed.     Hence  it  appears  that 

nont  otoaB  kiud  of  electricity  or  the  otbar  depends  mutti  on 

tBiarfacoB  of  liodies;  sad  tberefore  it  ma;  be  conceived  tbattbe  elec- 

io  fluid  is  chiefly  diaposed  on  the  eztenml  paitg  of  Bolid  bodies.     Aa 

n  BurfaeVH  rubbed  Bgninst  each  other  acqnire  opposite  kinds  of  elec' 

iei^,  it  might  be  eipoeted  th»l  they  would  attract  eanb  other,  and 

*'  !>  tlwayti  found  to  be  the  case.  If  n  block  and  a  R-liile  ribbon,  each 

t  ■  yncii  in  length,  and  perfectly  dry,  bo  applied  together,  and 

drown  several  times   between  thfl  finger  and  tlinmb  so  as  to 

igainst  each  other,  Ibey  will  be  fonnd  to  adhere,  and  if  Beparated 

illinB  one  end  from  the  other,  they  will  fly  tagetker  again.    While 

Jiiled  they  mauifeat  no  sign  of  eleotricity ;    for  being 

HI  opposite  Mxlea,  tbey  neutralize  eacb  other  ;  but  if  completely  sepa- 

— ed,  eaoh  will  exhibit  ita  peculiar  electricity,   thoae  bodies  being 

"'     "'  ■"        which  are  rapoUed  by  tbe  otbar,     Wheo 

a  dark  room,  flashes  of  light  ore  pereeived 
w  RDrfacaB  of  tbe  ribhoni,  together  with  ■  rustling  noiae.  The 
!k  ribbon  in  this  case  will  be  found  Co  be  negatively  electritiod,  and 
Ou  white  ribbon  poaitiTely.  By  tnking  ribbons  from  the  same  piece 
Md  of  equal  length,  and  drawing  one  of  them  langthwise  at  rigbi 
■BgUs  across  the  otlier,  the  former  will  acquire  posilivp  nnd  the  latter 
negadve  electricity.  The  frictiDO  of  liquids  or  j;u9es  against  solid 
bodies  will  eicits  electricity ;  and  the  effects  of  contact,  pressure,  or 
bJOtion  of  any  one  body  against  another  will  in  some  degree  prodnee 
riwsame  eflect,  the  appearances  being  yariously  modified  acoording  to 
circumstances. 

Tbe  following  suhstsnces  become  poaitii-ely  electrified  if  rubbed 
widi  either  of  those  mentioned  after  them,  and  on  the  other  hand  when 
one  of  these  Bubslancea  i a  rubbed  with  either  of  those  named  before  it, 
the  anbstance  rubbed  becomes  negatively  electrifled.  1.  The  back  of 
n  Wt.  i.  I'oliahed  glass.  3.  Wool  and  woollen  cloth.  4.  Featliers. 
S.  Dry  wood.  6.  Paper.  7.  Silk.  8.  Gum  lae.  9.  Ground  glass. 
Jt  bas  been  already  stated  that  some  kinds  of  substances  freely  trans- 
mit electricity  to  bodies  in  contact  with  them,  or  suffer  it  to  escape 
tbrongh  them;  while  others  retain  it  or  obslmel  ita  passage ;  r 

are  named  cmduclorj  of  elactrioityi  and-"--' 

•oUd  bodies,  the  metals  are  all  good  ci 


ELECTKICITV. 

j>  be  inAueQced  bv  tempentura 
.iv,Biid  wood  charcoal  uelikaKiaa  good  4 
resins,  sulpbur,  silk,  ?n>ol,aD^,  f»[,  and  Tin 
lidier  Doa-coadoctais,  Of  possees  tlie  coadnc 

rely  of  tbajuii 
neirlj  sbiMlute  noa-comtuctorsi  but  ia  tbeir  fie«h  slMe  tt 
uleclridty  free);,  doubtleu  in  eouae<|ueiii:a  of  tba  liquid  ■ 
whicb  tbeysre  penetrated.     Hence  the  bodies  of  mennidii 
tuSer  the  electrio  fluid  to  pass  through  them,  Kith  the  utm 

All  liquid  subMances,  except  fat  oils,  us  good  conduc 
not  oqunlly  k>-.  for  esacDlial  01],  Bud  spirit  of  wine  dont 
Irioity  so  readily  t»  water ;  siul  the  lutter  fluid  has  il 
power  Bu^euted  bj  combiriBtian  witb  acids  or  s 

Air  and  sU  gaseous  fluids,  wbea  free  from  moisture,  are  h 
ituctota,  and  Ibe  more  dense  they  are  the  grester  will  be  their  i^ 
tc  tlie  psssage  of  electricity  through  them.  AtmoBpherica 
fore,  in  dry  weatLei  becomaB  a.  Don-coaductor  ;  batwhen  ol 
moisture,  as  from  a  fog,  the  electric  fiuida  traveise  il  a 
TemperMure  bIbo,  as  might  be  concluded,  ii  ~ 
jtoH-er,  which  is  grostlj-  augmemed  by  heat. 

Those  bodies  wliiah  are  gcodconduetrinof  tlj«elwtrH4i 
eicited  by  Jriaticn  as  well  as  the  non-con ductoTs,  but  4i»  ■ 
duced  will  depend  on  the  circumstances  in  whidll  tliey  ■ 
Thus  a  cylinder  of  brass,  or  any  ether  metal,  grasped  by  f 
rubbed  with  ailk  or  flannel,  will  be  perfeotly  inert,  not  di^ 
allrnetii'e  power,  like  rubbed  glass  or  sealin^sx,  wliea  '  " 
tu  a  light  feslber.  But  if  a  handle  of  baked  wood  or  gloa 
motnl  cylinder,  so  lEiaC  it  may  he  held  without  tend  ' 
itaelf,  sod  (lie  Utter  be  rubbed  with  a  dry  silk  buidke 
Hannel,  il  may  be  reudily  eidted,  generally  msnifesting  u 
tricity.  and  it  will  sot  on  the  feather  aiicordingly.  In  a-- 
electricity  is,  prevented  from  passing  ofl^  froni  the  mota 
body  of  the  person  who  holds  it,  by  tbe  insulating  or  r 
Iiiiiidle  of  dry  wood  or  glass.  From  the  power  wtioti  tt 
non-conductora  possess  of  preventing  the  cacnpe  of  tlie  e 
from  conductors  suppcrted  by  them,  they  hi 
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u  tbey  most  readilv  eibibtt  elactricitf  by  friction,  tbey  hare  also 
1  ollea  eltclriei,  nhile  the  appellation  of  nim-eleclTici  bos  been  np- 
1  ta  tbe  metsls,  and  other  freely- cnn  due  ting  Bnbatanaea.  Iliesa 
W,  however,  oan  hardly  be  coiundered  aa  correct,  Bince  bodies  dif- 
nore  essentinlly  in  tbeir  power  of  retaining  electricity  than  in  their 
uity  for  receiTing  it;  sod  hence  the  mure  obvious  distinction  be- 
BQ  conductors  and  non-conductors, 
n  making  eiperinients  relative  to  the  B<^cuinulBtion  or  tranafer  of 

•  electric  fluids,  it  in  necessary  to  use  iuBtrumenla  so  constructed  u 
H  B  oonduDtin^  body  may  be  xupported  and  thus  insulateil  by  means 

•  non-conductor.  On  this  principle  is  formed  that  necessary  part  of 
Mttioal' apparatus  called  tlie  conduclm;  usnally  consisting  of  a  braaa 

r  fixed  horizontally  by  one  or  more  rods  or  thick  tubea  of  ^lasa 
I  ■  wooden  stand. 

'It  mBy  be  infetred  from  the  experiment  with  a  glass  tube  and  aniniu- 
■ad  feather,  that  any  body  capable  of  free  motion,  on  approaching  an- 
ker body  powerfully  eleplritied  will  be  thrown  into  H  contrary  stUe  of 
Mtrieity ;  and  thus  a  feather  brought  near  to  a  glaes  tube  excited  by 
Itjon  iB  nttncted  by  it,  and  therefore  previously  to  its  touching  the 
le  negative  electricity  must  have  been  induced  in  it:  and  on  the 
or  hiad,  if  a  fentber  be  brought  near  excited  sealingwax  it  will  be 
neted,  and  coDas<|uently  positive  electricity  must  hiivebeen  induced 
[|  before  contact.  Hence  it  appears  that  electricity  of  one  kind 
^frtluiria  geuerallj  induced  in  surrounding  bodies  by  the  vicinity  ^ 
kighlj  excited  elecltic.  During  thunder-storms  clouds  BtrongffI 
Urged  with  electricity  may  somciimeE  be  observed  sailing  toirarda  k 
],  Boveriog  a  while  above  its  summit,  and  then  pBSsing  away.  TUl 
I  been  explained  aa  owing  to  the  electric  clond  having  induced  ~ 
Itnuy  state  of  electricity  in  the  mountain  peak  by  its  a) 
te  doming  near  enough  to  discharge  n  portion  of  its  eli 
A:  and  the  clond  having  acquired  the  same  electrical  state,  the  lattet 
Spelled  and  driven  away.  This  mode  of  communi eating  electricity 
^protch  is  styled  induetioa. 

Wnaitan  electrified  body  thus  causes  electricity  in  another  bv  iu- 
MOD,  the  eSect  extends  only  to  that  part  of  the  surface  of  the  falter 
^  immediately  opposite  to  the  former,  while  the  other  exlramit^ 
U  oiiibit  B  contrary  state  of  electricity. 
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A,  in  (he  annexed  Grnre, 
moviag  fieeljonapiTDt, 
nnd  aupponed  by  a  glaas 
tabe  E  ;  Bjid  a  bpass  cv- 
linder  or  coaductor  B, 
BiBiilsrly  auppoited,  and 
placed  within  a  few  inclies  of  lbs  eilrDinitj  of  the  wire  C,  CBrrjing  ■ 
■mall  bull  of  pith  of  elder.  Now  if  the  conductor  be  poaitivelj  elM- 
trified,  the  bmll  C  will  become  negatire,  as  ma^  be  shown  by  appTO«di- 
tng  to  it  Rii  excited  stick  of  SBBlingwBX,  bywhich  it  will  be  rapeUed-, 
while  tlie  ball  D  will  be  attracted  bj  tbe  aealingwax,  and  must  iLere- 
fore  be  in  B  poaitiye  state  of  eleotiicilj.  In  this  case  the  irire  A.U  nid 
to  be  in  an  etectro-polnr  atate,  hariag  a  negative  pole  C  oppaailelotli* 
poaitirely  electrified  coaduclor,  and  a  positive  pole  D,  at  ita  oppoaile 
extremity.  Such  an  arcangement  might  be  cardedlo  any  extent.  Tbiu 
if  another  brau  wire  similarly  inaulit«d  and  armed  with  pith  bdli 
were  to  he  placed  near  the  extremity  D,  the  bill  opposite  to  it  would 
be  negntiTBlj  electrified,  that  nt  the  other  end  positirely.  and  ao  on. 

The  inBtrument  above  described,  or  mounted  brass  wire  with  ill 
balls,  forms  a  conrenieDt  electroscope,*  to  imtionte  the  electrical  aliWa 
of  bodies ;  and  as  such  it  waa  proposed  hy  the  French  philoaopbet 
llauj.  On  (he  same  principle  depends  the  action  of  tbe  more  Bimple 
slaotroscopecoaaiatingof  tn-o  small  pith  balls  suspended  by  a  (inelinn 
thread  or  silver  wire  to  the  extremity  of  aa  insulated  condnetOfa 
When  such  an  iustriiment  is  electrified,  the  two  halls  necoasBrily  ■D' 

Suiring-  the  aame  kind  of  electricity  will  separate  from  each  other  ;  taf 
le  netnre  of  their  electricity  may  bo  ascertained  by  presenting  fol*^"*- 
an  eiciled  glass  tube,  which,  if  Ihey  are  iioaitively  eleetrifiad, 
make  Ihem  more  divergent,  if  negatively  will  draw  them  nearerj 
wilb  I  stick  of  eiciled  aealingwai,  the  mverae  effects  woi "  ' 

A  more  delicate  iaslniment  for  estimating  the  kind  of 
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ELECTRICAL    MACHINK. 

Alt  mlled  Baonet'sgold-lenf  electrometer,  composed  oftiroonill  slips 
of  gold  leaf  suB)wnded  within  n  glaaa  jnr,  which  by  llieir  divetgeooe 
or  collapse  on  the  approach  of  an  electrified  body  to  a  brosa  boll  eon- 
nected  with  them  bf  e,  wire  passing  throagh  the  neck  of  the  jar,  iodi- 
CUb  that  its  electricilj  is  similar  or  contrary  to  thai  of  the  gold  Inres. 
An  *TC  of  B  circle  gradoated  iDay  be  so  placed  aa  lo  show  the  relative 
extent  of  the  divergence  of  tbe  leaves,  Bccording  to  the  degree  of  eleo' 
trlcitT  in  tbe  body  presented  to  the  eJectrenjeter.  Another  very  deli- 
ute  electrometer  is  that  called  the  electric  balance,  invented  by  M. 
Coulomb;  and  nlbers  bave  been  contrived,  by  means  of  which  Che 
unonnt  of  electric  tepulsioa  may  be  ascertained  and  measured  on  a 
graduated  scale.  From  eiperimants  wiih  [be  electric  balance  it  hu 
been  concluded  lliBt  the  iDBuence  of  electricity,  like  that  of  gravilalion, 
it  in  the  inverse  ratio  of  the  siiunres  of  the  diatanceg  of  the  acliof  _ 
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Electricitv  is  usuallv  accumulated,  in  order  to  abow  its  etfects,  by 
tbe  friction  of  glaea.  'The  earlier  eleclriclang,  in  tbe  prosecutioD  of 
ibeir  reaeerchea,  merely  used  glass  tubes  or  other  non-conductora,  held 
in  one  hand  and  rubbed  with  silk  or  danoel.  Dr.  Hauksbee  made  an 
improvement  no  tbistedious  process, by  arranging  a  glass  globe  so  that  it 
might  be  made  to  revolve  continuously  on  on  alia ;  and  Professor  Winkler, 
□f  Leipaic,  contributed  greatly  to  render  the  apparatus  useful  and  con- 
TBuienl,  by  afBiing  a  onsbion  of  soft  leather  stuffed  with  horsehair,  eo 
llMt  by  tlie  pressure  of  a  spring  it  might  rub  against  the  revolving 
Blobe. 

Such  an  arrangement  iis  tliat  juat  desi 
BBchlne  ;  but  siibsequant  eiperimantalisi 
mod  among  the  most  simple  and  yet  adva      ^ 
inatrumetit  may  be  reckoned  that  invented  by  Mr.  Naime,  a  ma 
*    '  '  It  maker,  as  represented  in  the  following  figure. 


w    d  n  9bind      Two  td 

li       ndu   on   P   N   eijuiJ 

n       Q^!)    to  tliQ  cylinde 

and  abou    one-  h    d  n      a 

d  puall« 

B  it  Djinn 

two  gluB  pillars,  which  are 

to  two  Bepaiale 

groorea,  so  that  tliay  m«T 
he  reapectiTely  adjuated  M 
any  diataiices  from  the  ej- 
linder  required.  To  one  of  tfaeBeconilucliirs,  N,is  attaobed  a  cushion 
Ml  iucb  and  8  half  wide,  and  about  as  long  as  the  cylinder,  egajpn 
which  it  may  be  made  to  press  by  means  of  a  bent  spring ;  ead  to  tbs 
upper  part  of  i(  is  sewed  a  flap  of  oiled  ailli,  which  extends  loosely 
over  the  cylinder,  to  within  an  inch  of  a  row  of  hraaa  pins  or  pmnlfld 
wirea  proceeding  from  the  side  of  the  opposite  conductor.  The  con- 
doctor  to  which  the  cushion  b  attached  is  cslted  the  negntiTecoadiictoT, 
and  the  other,  which  by  means  of  its  points  collects  electricity  from  the 
eIsss,  is  named  Ihe  positire  condactor,  and  also  the  prime  oondncttiT, 
i'be  cylinder  mav  bo  made  to  reTolve.  in  the  directiDn  of  the  silk  fl»p, 
simply  by  a  winch  fitted  to  it,  or  by  a  multiplyiog  wheel,  W, 

In  order  that  tiis  machine  may  be  worked  wicli  the  greatest  effect, 
4he  ofliodiT  and  eiery  other  part  must  be  marie  perfectlj  clean  and  dij : 
«nd  as  it  may  be  supposed,  it  displays  the  greatest  power  when  the  air 
■round  it  is  quite  free  from  ntoialure.  To  augment  the  efficacy  of  the 
machine,  it  ianaunl  to  apply  to  the  cuabian  an  amalgam  of  zinc  and  tioi 
miide  bymeltiog  together  one  part  a?  \iii™ii*™Q  o^-Em^.tadmiiing 
-    D  in  a  bented  iron  mortw  -wift  «»■  ^^'a  «''  "*»*■  '^^^:»«!«w-.~*' 


■fter  lbs  campound  lias  foeen  redaced  bj  trituration  to  it  powder,it 

nust  be  mode  into  R  stiff  )iaata,  iritb  pure  hog's  lard. 

i  Wfaen  it  IB  reqaiaitu  to  obtnin  paaUire  sleclricit;,  the  ciiabion  or  ae- 

'ire  canducCor  muat  be  conaecCed  with  ihe  woodea  gtand  of  the  inn- 

cbaia  or  wire  ;  and  thus  tbe  electric  fluid  is  supplied  from 

is  drawn  off  bj  the  pointa  of  tbe  prime  condut- 

ed  to  produce  naeative  electricitj,  the  cushion 

ig  the  cbuin,   and  attaching  it  to  tbe 

}  electric  dnid  will  pass  to  the  earth, 

^gatively  electrilied. 


le  earth  u 


ted  by 
arinie  iH>ndnctor  P,  wbenoe  tne 
Wd  tbe  conductor  N  wiU  hecom. 
I   There  is  aaotber  form  of  th( 


irirsider  glass  plate,  fitted  up  so  that  it  mnybe  made  to  revolve  between 
toro  robbers.  It  is  a  powerful  instrument,  but  ia  only  adapted  for  pro- 
rduoiDg  positive  electricity. 

,  M,  BeudHDt  has  deacribed  smacbiaetbathHa  thendvantsgeof  b«iDg 
_)(«■  costly  than  those  of  glass,  and  eiempt  from  injury  by  accident.  It 
<Wy be  constructed  bytskiugtwo  yardaof  varnished  taffeta,  and  sewing 
jDgsther  firmly,  vnth  a  fiat  seam,  the  two  ends,  so  aa  to  make  it  like 
.irbat  ia  called  a  Jaak  towel ;  and  it  is  then  to  be  stretched  over  twi< 
iWOoden  rollers,  line  of  which  being  turned  with  a  winch,  tbe  lafl'eta 
^rill  pass  contiouausly  over  them,  cDabioos  of  bare  or  cat  skin  being 
iflieed  BO  as  to  rub  against  it ;  and  a  conductor  with  points  may  be 
iflaoed  near  lis  surface  to  collect  the  electricity  produced.* 

Wtien    an   electrical   nachine,   as   above  described,  with  a  glass 

.aylinder,  has  been  properly  prepared,  and  during  a  dry  state  of  the 

Wmosphere,  if  the  cylinder  be  made  to  revolve  with  a  certain  degree 
-lOt  velocity,  sparks  and  vivid  flashea  of  light  will  be  perceived  passini; 
^9rat  tbe  surface  of  the  glass,  from  tbe  cushion  to  tbe  conductor  ;  and 
'if  the  knuckle  be  presented  to  Ibe  conductor,  sparks,  with  a  sharp 

m>on,  will  proceed  from  it  to  the  knuckle,  causing  a  peculiar  and 
^-ahghtly  diiagreeiiblu,  but  niomentary  sensation.  The  light  is  supposed 
,V>  be  occasioned  by  tbe  audden  compression  of  tbe  air,  by  tbe  transit  of 
ilbe  electric  fluid  ;  and  it  is  accompanied  by  tbe  development  of  heat, 
i,.A>r  gunpowder,  alcohol,  fulminating  silver,  and  otlier  highly  inflammabli- 

>  1. .    be  set  on  fire  by  means  of  tbe  electric  apatk. 

■alioa  of  the  electrical  maotoio  de^«iui«  oa.  ■&»  ■§»»»>*'-- 

'  Traits  Eiita-  lie  P\iy«.,  ■ 


earning  poaidielj  eleotrified  hj  friotion  agunat  the  rubbar.  trlien  A" 
cj'tiudei  or  plaW  is  pat  in  moUOD,  snd  the  rubber  or  cusliion  coaae- 
quently  becoming  negBlivelj  electrified.  Ilie  poaitive  electridlr  thus 
acijuired  bj  tbe  glass  in  le^larly  stlracteiL  asd  carried  off  by  th* 
inetalliDpomUoftbepTiuie  conductoi,inwIiicbitbecomeaacGiiaiDUte<l. 
But  if  bolL  cunituclorBbeiDHulMsd,  30  that  tbe  cusLion  couiiected  icitli 
tUe  negative  conductor  cuDDot  continue  lo  derive  elccuieity  from  tbe 
eiilh  or  Burrounding  obJFCta,  it  will  aoua  be  eiliauHted,  and  cease  tt> 
aflbrd  electricity  to  the  other  conducloi  by  means  of  the  glass  cylioder. 
In  order,  tbereioie,  that  the  supply  may  be  kept  up,  it  ia  requiaite  tbot 
tbe  cualiioD  should  communioBte  nitb  the  earth,  or  with  the  floor, 
by  aoma  good  conducting  medium,  as  8  mi^tal  chain  or  wire.  Hence 
it  appesra  that  the  eieotriciljr  of  either  condutlor  muat  bo  extiemeli 
weal,  when  botlioftbem  are  luaulaled;  (bat  if  one  conductoi  alone  b« 
insuluted,  tbe  power  of  tbe  other  will  be  proportiooiklly  nugmented  ; 
that  tbe  ouahjon  and  tbe  gln^  must  elngje  be  in  opposite  stales,  tha 
one  being  iioaitive  and  [be  olher  negative  ;  and  that  the  opposite  eleo- 
tricities  are  enctly  in  that  proportion  which  will  esu»e  them  wbaa 
rombined  to  neutralize  each  other,  fhe  effects  produced  by  the  pott- 
liTo  conductor,  or  tlmt  opposed  to  tbe  cylinder,  will  be  similar  to  Ihoaa 
of  an  eiciled  glasa  tube ;  and  tbe  effects  of  the  negative  conduotor.  Or 
that  cuDDeiTled  with  the  cuEfaJoii,  will  Dorrsspond  with  those  of  an  ex- 
cited aticli  of  sealingwai.  If  two  snapended  pith  balia  be  attached  to 
either  conductor,  they  will  be  observed  to  repel  each  other,  mani- 
festing the  same  kind  of  electricity ;  but  if  one  ball  be  attached  to  tha 
positive,  and  another  to  the  negative  conductor,  they  will  attract  eorfi 
other.  If,  however,  the  two  conductors  be  connoctad  by  a  metal  nid, 
their  opposite  elecCricitii^B  will  neutrahie  each  other,  and  no  signa  of 
either  alate  wiii  be  exhibited.  The  passage  of  a  spark  tndicataa  lbs 
annihilntiuD  of  the  opposite  Blstea  of  electricity  ptevioosly  exiRiiig 
in  Ihe  bodies  between  which  the  spark  paaaes,  and  whioh  has  baen 
already  Bhowu.lo  be  Ibe  effect  of  induction  on  the  approach  of  bodies 
towards  esch  other.  Thus,  the  knuclde,  wheu  presented  to  the  past* 
live  conduotor.  becomes  negutively  electriGed;  and  when  tbeoppoBM 
eleotrlcitiea  thus  induced,  become  aufficteotly  inteasa,  the 

«/■  lie  Bjiark  announces  Uiat  the  MaWs  at  Bit*6i\oa  U  Wnnii    

TJiB  moat  important  phenomena  depeniia^  on.  "i*  ■^AMiv^ 
A«ion  are  those  ariuDg  from  lie  BC<;u<aoXw™<'^'''«^««*i- 


appaanacl 
laUd.     ^H 


THE    LBrDEN     PHIAL. 

U  tskes  pluce  in  using  the  elecbicn]  jar,  or,  u  it  has  been  tenned^  ■ 
Iflyden  phiiil,  the  property  of  which  wns  aot'idonlallj  discoTBTed  WM 
ifesaor  Muanthenbroek,  of  Leydon,  or,  aocordin^to  some  writmt.m 
M.  CuneuB.  Its  nioda  of  action  may  be  readily  exhibited  b<l>| 
ing  B  glass  bottle  neerl/  tilled  with  water,  and  placing  it  in  a  baa&fl 
PFBtsr;  a  chain  or  rod  of  metal  must  be  passed 'ioto  the  battle  helowV 
<  (uHace  of  the  water,  and  continued  from  itto  the 

■n  slecCrical  machine,  gnd  snoUier  cliain  must  have  one  end  iotrf 
raed  in  the  water  of  ihe  basiu  Eurroiinding  the  bottle,  and  the  ot~ 
1  traitiug  od  the  floor,  'i'hen  on  turiunt;  (he  mncbine,  the  electrical  ' 
d  received  by  tlie  conductor  will  pass  from  it  by  means  of  the  chaiD 
rod  to  the  interior  of  the  bottle,  where  it  will  be  accumulated  ;  and 
)rder  to  discharge  it,  a  coniaionication  must  be  made  bclwesD  tbe 
or  chain  proceeding  from  the  bottle,  and  thai  immersed  in  the  basin ; 
I  thus  the  confitipd  electricity  will  make  its  escape.  A  peraon 
~iii^  tbe  latter  chsio  with  one  hand,  and  toocbing  the  other  c      ' 


with  which  i' 


baiTd,  would 


the  whole  chaise  of  the  pbial,  consliluting  what  is  termed  ai 
wtric  shock.  It  was  iu  this  manner  that  M  usscheubroek  undoubt-  , 
]j  became  practically  acquainted  with  the  efieot  of  accumulatad  J 
Kttricity;  nud  the  senBulion  be  experienced  ao  strongly  iiinirimioif  ■ 
gi  diit,  iu  a  letter  on  the  subject  which  he  addresaed  In  Tli  iiiiiiiui.lltB 
id  tbe  crown  of  France  would  be  hut  a  feeble  iaducement  to  eipotjl 
naelf  to  the  hazard  of  receiving  such  another  shock,*  The  senaa^fl 
m  caused  by  tlie  dischnige  of  to  electric  jar  is  not,  boweTer,  so  San  9 
idable  aa  might  be  supposed  from  the  alarm  of  tbe  alleged  discoverer  f  I 
d  unleaa  the  jar  be  large  and  highly  charged,  tbe  ahock  will  on^  I 
caaion  a  momentary  painful  feeling,  moch  resembling  that  somM;! 
BOS  caused  by  auddeidy  striking  the  elbow  against  a  ' 
oice,  but  more  transient. 
A  more  eonrenieDt  form  of  the  Leyden  phial  than  that  just  deaoribl 
uiats  of  a  wido-moulhed  jar,  coated  outaide  and  inside  with  ti  '  ' 
'vithin  about  two  inchea  of  the  top  ;  baring  a  wooden  Cove' 
la  tbe  month  like  n  cork,  and  pierced  bo  that  a  atioag  brass  w 
terminating  below  iuaotwin' 

*XI»igHi«f.PBilM.  desPrgg,  ac\atti^^\ctie.>- 


4fil 


stfcctsicmr. 


only  an 
lied  with 


tbsiimercoBringof  ihe  jBr,niiil  bating  at  the  otlierend  abraKhnobOi 
b*Il.  Ajar  orbotlle  irith  r  naiTOw  Deek.as  repcesentad  in  >be  Diur^n. 
may  be  used,  bul  in  that  cue,  if  il 
a  the  Qolside,  it 
a  loetBllk 
aabatanee,  as  mereury,  or  steol  fl- 
ings, B9  high  ae  the  outer  coating  B 
reaches ;  or  moderately  wnrrn  Trtwi 
may  be  poured  into  it  irheneriar  il 
ii  iFBnted  for  ose.*  Surh  ■  jar 
may  be  electrified  by  placine  it 
near  the  poaitive  conductor  of  a 
marhine,  nilh  which  the  knob  A 
rausl  be  in  contact;  and  tbea,  oa 
turning  the  cylinder,  the  electric 
fluid  will  pass  from  the  oonduotor 
Id  the  jar,  in  which  it  will  become 
Bcctimolnled  ;  Bad  in  order  to  diG- 
charge  it  a  bent  or  joinied  wiTs 
.. -juity  placed  ^ninat  tho  outer  coating  of  the  jar, 
ing  advaaced  towards  the  knob,  nearly  the  wbole 
from  the  inside  of  the  jar,  thraugh  the  wire,  i'dId 
and  thence  be  conducted  Ihrougfa  the  table  Into  the 
earth.  A  curved  brass  wire,  called  a  diacharger,  is  earaetimea  fitted 
up  with  a  knob  nt  each  end,  C  D,  and  a  glasa  handlei  bat  the  jar  may 
he  eafely  discharged  by  the  bent  wire  only,  ss  the  fluid  will  paas 
wholly  through  it  without  afiecting  the  parson  wlio  uses  it. 

Aa  the  effect  of  the  eleclricsl  jar  will  be  proportioned  to  the  quantilj' 
of  coated  glass  it  oantaina,  it  must  be  obvieua  that  its  power  wiD 
greatly  depend  on   its  else.      Very  larpj  jars,  however,  would   be 


awkward  and  i 


a  well   as   highly  expenaive 

ed  for  combining  any  numbers  of  jara,  no  that 

It  the  same  time,  and  diachargod  with  Btjual 


•  For  a  description  ol  a,  couYOiVeiAToP 
tide  of  a  phial,  see  Dr.  OViot\im  GioE 
loaophinal,  6th  edit,  lua*,  p.  I'T- 


■H^M 
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Ai^  u  1  iJDgle  jar.  This  may  be  eflecled  by  forming  a  eoiinaiiaa 
hrtwEQ  a]l  the  wrrea  proceeding  from  the  interior  of  tba  jaiB,  and 
ro  coanectin|!^  hU  their  axterior  contings;  and  aacli  an  orrBngemont  te 
ded  Bn  electrioal  battery.  The  diecliorge  of  electricity  from  audi  a 
iBbiDBtian  is  acoompaiiied  by  a  load  report ;  and  when  tbe  number 
DDsiderable,  uiimils  mar  bu  killed,  metal  wires  b« 
r  effects  be  produced  bj  the  discharge  of  the  battery, 
■logoui  to  those  of  lightning-, 

■By  means  of  an  electricnl  machine  a  raat  number  of  curions  and  in- 
""Tating  eiperimentB  may  be  perl'ormed,  a  few  of  whicb  may  be  here 


■The  effect  of  electricity  in  pr 

^  tufficiendy  amuaing.     This  i 

id  nicfi  gisaa  lega,  to  tlial  he 


iducing  the  diTergenae  of  tufts  of  hair 
lay  be  ahown  by  placing  a  person  on  a 
may  be  perfectly  insulated,  and  maluog 
id,  the  other  and  of  whiph  louchea  tbe 

(ire  conductor  ;  (hen  on  turning  tbe  maobine,the  hairs  of  tbe  head 

direrge  in  all  direatlons. 


ul  porcupine." 


lay  be  more  perfectly  exhibited  by  met 
U  dimensions,  withliair  glued  to  it,  ai 


d  filed  0 


I 


A 


ton  {leelriqui,  aa  designated  by  the  French) 
consist  of  a  number  of  small  bells, 
■s  represpnced  in  the  annexed  figure, 
suspended  from  (be  conductor  by 
brass  chains,  with  a  ball  to  act  aa  a 
clapper  hanging  by  a  silk  thread,  be. 
tweaii  orery  two  bells,  one  of  them 
beiug  connected  with  tbe  table,  so  that 
its  electricity  is  dissipated  as  fast  aa  it 
is  reoeired.     Thus   the  insulated    ball 

i   will  ribrale   backwards  and  forKMdi, 
ailemateW  striVra^  'Cae  *»««««*.  ™^ 
iion-el8«tifiB4  \iea,  ■«'\i«tt  'ii*  ■»»R^-<»« 
is  putin  modon.  .^_ 


Tin  dancing  figures, 


B  ahowD  in  the  margin,  maj  be  cul  out  of 
Hrillng-papef ;  and  such  figures,  or  an;  other 
U}:bLbi}diefl,pIitcedcnisbni99plateB,  connect- 
eii  nitfa  tbe  ground,  nnd  liaTinganotherbraaa 
plate  A,  augpended  at  a  lit  tie  distance  abore  it, 
from  the  prime  condnctor,  will  rapidly  dance 
when  tlie  upfwr  plate  ia  electrified.  The 
effect  ia  obviously  cuused  by  the  figures 
being  attracted  by  the  deotrified  plnte  and 
immediately  after  repelled,  and  being  nibbed 
of  their  acquired  electricity  by  the  lower  or 


The  mBoner  in  which    buildings  are  io- 

jared  wlien  struck  bj  lightning,  or  tbe  aocu- 

mulated  electricity  of  the  atmoBphere,  msy 
'ely  elacidated  b*  meshB  of  the  ejiparatus  delineated  in 
the  following  figure,  called  a  Thunder-bouse.  Itcoaaistaof  Btiiangnlar 
pief^e  of  mahognny.  which  may  lepreaeat  one  end  of  a  house  or  bam: 
ID  (hecealTB  a  amall  square  |)ieee  ia  fitted  loosely  into  a  corresponding 
'    ''         "      3rOB3  th«  moieabU  ^luare  poaaea  a  brau 

strument  is  oaed,  the  brass  Liiob  A  must  be 
brought  near  to  tbe  knob  of  a  charged  jar. 


^A, 


with  tl 


e  of  which  i( 


0  the  bri 
the  jar  will  be  discharged,  end 
llicity  will  pass  through  the  Icnob  and 
A  to  B;  but  the  interruptii 
by  the  position  of  the 


wiUci 


it  lo  be  driven  forcibll 


place.  If,  howerer,  its  position  be  altered. 
ao  that  the  wire  C  D  niay  coiumunicats 
with  A  and  B,  forming  a  part  of  the  same 
(iettric  ch™.*.,  Ae  fluid  wai  pass  through 


Did  b 

odiw, 
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baildiai;  being  Btmeli  bj  ligbtoing,  if  tliB  psasiwe  of  the  elnetrie 
I  inlerrapted,  by  aon-condnctiDg  or  imperfEClljr  eoaducling 
ihaj  may  be  disiilaced  wilb  Tiolance,  iajured,  or  dastroyad ; 
^t  if  the  electric  fluid  cm  pass  readily  thmui^b  a  good  conductor. 
:tm  a  Ibick  metal  rod,  it  will  ba  coaveyed  mto  tbe  enrtb  tritboDt  bazard 
«f  tbe  Bafety  of  the  building.  Hence  tbe  utility  of  coaduttors  affixed 
40  lowera  and  oilier  tofly  edifices. 


GALVANISM. 


J 


tut  effei:U  of  electricity  dependiog  on  tbe  sccumulation  of  lh_ 
^Sectric  fluids  by  tbe  fiictioo  of  non-can ductiog  bodies  baviog  been 
'  '  '  out,  we  sball  ueit  attempt  to  eiplnin  those  phenomena  irhicb 
-.1  X)  be  caused  by  circulating  currents  of  tboae  fluida,  prodgced 
ju  tbe  coutact  of  metals  and  other  good  conductors.  Phenomeua  of 
m»  nature  constitute  tbe  objects  of  that  branch  of  pbvsical  aoienee 
armed  GalraDiBm,  or  Gatvanic  Electricity,  from  tbe  Siacoveriea  of 
^lofbsioi  Galioni,  nf  Bolagna^  and  sometimes  Voltaism,  or  Voltaio 
dwtricity,  from  tbe  subsequent  reseaicbea  of  Profesior  Volta,  of 
WiBi  nho  made  great  additions  to  our  Imowledge  of  tbe  subjoci,  nitb 
sferonoe  both  to  tacia  and  theory. 
^^^  The  earliaat  notice  wbicb  bus  been  observed  of  any  phenomenon 
iniibatsble  to  Galraiiism,  occurs  ia  a  work  entitled  "A  General 
jRieary  of  Plessarea,"  published  in  1767.  by  John  Geoi^  Sulser,  a 
Oamtn  Tiriter  of  ^ome  eminence  on  philology  and  metapbyaical  philo- 
Ibpby.  Ha  Btates  that  irban  tno  piecea  of  different  metals  are  applied 
fU  tba  npper  and  under  aurfocea  of  the  tongue,  and  then  brought  into 
'Ontacl,  a  peculiar  taste  will  be  perceived.  Snlzer  made  an  abortive 
ttsmpt  to  account  for  this  curious  fact,  which  aeen\&  Ui'avi«i»xwuA 
opwdcalar  attention  tiU  n  Jater  period,  w\ien  (uttVw  iS&tu^wcw*  >^ 
Oa  infanace  that  it  ought  to  be  regarded  as  deveaSvu^  itv  •Jw-'W'^  "^  - 


;  ir"*"«;i.M-r''",-„"i».>"—j'';sS''«"  I 


'"^'  Witt 


with  tbe  "t"  J  ,n  4l,e  t««ss  "'"  ,     ^. 


C" 


I  rasper,   may  be  adrantageously  opposed  to  linc.  tin, 
L  form  B  galYHoic  circail.     It  mu^t  be  obseireil  that  tbe  effect  ti 
Ahiefly  momentarj,  and   tbe   convulaive  motiaQs  take  ploce  at    dl 
I — .-_^  ^f  ^^^  ctjatuct  of  the  metBla  ;  but  tbe  pbenuTuen^  may  be  n 
by  seporatiug  (he  mewls  and  repsBtiag  tlisir  contact  with  er' 

~   "  Izer's  eiperiinsnt,  befom  noticed,  may  be  performed  by  pUciiy  ■ 


GALVANIC   cmci-F.. 

•nd  tha  otber  difficultly  soluble,  as  ailrer,  gold,  ( 
ice   tiro    ioaoluble  metal*,    aa    gold  and    plutioB,    applig 
lirecled,  haTo  hardly  any  effect  5  while  gold,  plstiiw,  ailT* 


a  lialfcro 


■ingmg 


Bat  aidea  n 
be  perceired,  'and  a 
ikock,  espeaially  if  the 
iHes.  In  that  ease,  alw 
(ire  tbe  eyes;  but  tbia  la 
■^~'  by  placing  one  of 
BJid  the  other  on  tht 


^     .  disk  of  li . 

edgas  of  tbo  melala  whil 
'itb  the  tongne,  a  peaulia 
approaching  to  a  slight  1 


sh  of  light  will  sometimes  pass  tw-il 
enomonon  may  be  more  certuinlT  ol- 
elals  between  the  upper  lip  anil  tha 
e,  and  hiingiag  their  edges  in  cotitaet 


a  of  electricity. 


laa  been  found  Ibat  when  two  metals 
iuA  tben  separated,  tbej  will  exhibit  oppo 
Jt^os  if  an  insulated  disk  of  zinc  be  laid  s 
Md  then  remoTod  by  meana  of  some  non-ronductinx  aubstsnee,  tb» 
auc,  on  being  applied  10  s  delii^ate  eleutroiaster,  will  abow  posittra, 
«id  the  silrer  or    copper,  on  l!>e  otber  band,  negntive   electrirltjtt. 
Whence  it  may  be  inferred  tbot  a  portion  of  electricity  had  '    "  ~ 
JnosfBired  iioin   the  silvi'i  or  copper  to  the  zine  :  and  to  ita 
WKe  are  to  be  attributed  the  conTulsionB  of  the  muaclea  of  au 
^an  tbeir  nerrea  ace  in  contact  with  metals  arningied  in  a  gal 
$inmit. 

^.Tbee^ct  of  tbe  Dontacl  of  different  metals  may  be  exhibited  by  plB(!> 
Bf  on  the  cap  of  a  gold-leaf  electrometer  a  birfre  plate  of  any  metid,  iiiul 
^dfiing  over  it  zinc  filings  through  a  capper  aieva,  insulated  by  a  itinaa 
*■      "e  ;  wbtnit  will  be  found  thai  tlie  leavea  will  direrge  witli  poaiti** 

.city,  and  tbe  siere  will  become  negHtifely  electrified.     On  ~~ 
Beating  the  osperiaient,.but  usioe  a  zinc  liere  to  aiA  copper  fiUi 


3^ 
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ibf  eSect  will  be  reverfi^d,  and  tlie  electrometer  will  ahow  tb«t  lla     I 
enpper  filings  nre  Dugatirely  electrified,  while  (be  lino  devft  will  du- 
plov  poailive  elaotricily. 

A  simple  galvanic  circle  an;  be  formed,  bj  the  ippRratii)  nfirF- 

sented  in  the  mu^tn,  coiiBi«tiiig  of  ■  pIsK  of  tine  Z. 

nd  one  of  copper,  Ci  immerBed  to  a  certiiia  di^iit 

^  aulpbuiic  acid  greatly  diluted  witli  wMet.cno- 

I  tuned  in  a  glosB  TBDiel.    Then,  when  tin  ippti 

1   edgea  of  the  metala  ate  brought  in  contact,  a  eoTBf 

of  electricity  will  tale  place,  tbe  electric  floidcii- 

I    enliting  Erom  tba  zinc  to  the  acid,  from  ths  leid  n 

'    the  copper,  tbonoe  again  to  the  zina,  and  a  m. 

>[i  the  directioD  jiidiculed  by  the  dnrta.     VuiOdi 

>  M.ljGcatioDs  orihiaarnuigement  maybe  mntriied 

iiiiniediatelj,  as  above,  a  wire  of  any  melal  in;  b* 
sLimiicii  i<j  iiiv  ii\']i<ir  eitremitiea  of  each  plute,  and  when  tba  win* 
are  brou^l.l  logellier  tbe  circuit  of  electricity  will  go  OD,  but  whentliif 
are  aeparaled,  it  will  be  interrupted. 

By  Ibis  mfans  the  electric  ourrBol  may  be  directed  chmi^  nf 
bodies,  by  placing  ihem  between  ibe  wirea,  an  tbat  Uieym^Ani 
a  part  of  the  circnil,  and  varioiis  effecM  may  be  produced.  JUAi 
wire  eon nected  with  the  sine  inlMa  caaa  ii  receivir^  eleotrioitr,  ll  li 
called  "the  negative  wire,"  and  that  coiinectKd  frith  tbe  coppar  "  Ai 
poaitiya  wire." 

Tbe  effects  of  such  an  arrangement  aa  tbat  just  described,  U  Ittt 
with  Bmall  metal  plates,  will  be  but  incansiderable.  Henue  FtofaMr 
Volla  conceived  the  idea  of  forming  what  may  be  termed  n  compMlf 
ffalvanic  or  voltaic  circle,  by  arraneine  a  nnmber  of  diska  o(  ^ 
ratent  metala,  as  liuc  and  copper.  yiiOi  cloth  or  pasteboard  aotW  li 
some  acid  or  saline  aolution  between  them;  sa  thus  the  eflVot  inkgh 
be  indefinitely  angmuuted,  according  to  the  Dumber  and  siie  of  !!■ 
diika. 

The  apparatus  may  be  fitted  up  as  represented  in  the  ftnniMJ 
Ggare,  consiatiog  of  an  equal  number  of  stiver  or  copper  cwH- 
or  flat  pieces  of  either  metal,  and  of  similar  pieces  of  zinc,  amngti 
one  above  anothei,  vitti  wet  (auteboard  betirean  them,  in  tb«&l> 


ALTAIC    PILE. 


lowing  order 4  zinc,  copper.  TretpoBteboard,  deooud  | 
by  the  letters  Z,  C,  W,  in  B'loeesaiva  layen 
Ibrougliout  the  seTies.  One  end  of  iba  pile 
must  tenninnte  with  a  zinc  plate,  and  the  uthai  | 
with  one  of  copper,  with  each  of  which  wires 
may  ho  connected ;  and  the  whole  should  he 
made  ateady  by  fiiin|;  the  disks  between  threi' 
Tertical  glass  rods,  properly  varnished,  and  cs- 
mented  into  two  thick  pieces  of  wood,  one  of 
which  aeryea  aa  the  baae  and  the  other  la  (he 
cover  of  the  pile.  Any  number  of  such  piles 
may  be  united  so  as  lo  constitute  a  Voltaio 
Kattery,  by  making  a  metallic  communicatitm  I 
between  tbe  last  lioo  plate  of  one  pile  and  the  I 


The  Voltaic  Pile  will  be  found  tighly  e( 
nient  inatroment,  ao  long  aa  the  cloth  or  pe 


nietals  retain  the  moisture  ;  but  when  they  become  dry,  (he  pill 

dered  comparatiTely  ioaotire.     Volta  therefore  contrived  a  diflereni 

airangement,  to  which  has  been  given  llie  French  designation  Cnurnuni 

jl*  Taius  na  consisling  of  any  number  of  glsasea  partly  filled  with  di 

tbd  acid,  with  a  plate  of  zinc  and  another  of  oopper  in  each  aa  befori 

and  the  line  plate  in  one  glass  being  connected  with  lljt 

>ppeT  one  in  tbe  next,  throughout,  the  circuit  might  be  completed  by 

km  attached  Co  the  tenainatiun;  pistes. 

But  tbia  insCnment,  though  not  liable  Co  tbe  lams  objection  with  l\iA 
h,  waa  inconvenient;  and  therefore  baa  beea  saperseded  by  Tsrionf 
(er  arrangements,  among  which  we  select  for  deaoripCion  CheGolmni' 
nou^,  or  as  it  ia  alao  termed,  the  Gnlvanic  Battery.  It  may  conait^ 
B  trough,  T,  p.  466i  constructed  of  baked  mahogany,  with  partitioiu! 
'  slasB  in  tbe  interior  ;  or  it  ma;  be  formed  of  Wedgwood  ware,  wit^ 
lerior  celta,  each  trough  coolninin^  ten  or  twelve.  The  metal  plntetf 
e  adapted  to  them  are  united  by  abarof  baked  woodA  B,  ao-"—  "-- ' 
^^   "  may  be  let  down  into  the  trough,  or  lifted  out  tc^ethi 

obe  tilled  with  water  or  diluted  acid  wben  the  instrument  is 
I  be  used,  and  the  plates  being  placed  in  them,  each  cell  will  contain 
'  10  and  a  copper  plate,  and  tbe  circulation  of  Che  electric  fluid  will 
place  throughout  tbe  whole,  while  wires  proceeding  fiam.  ths  W^iW  •- 


I 


bodiBs,  by  being  platcii  lieLiici'n  tlin  ivircs  will  form  a  part  of  tln^P 
ciiit,  nnd  be  subjected  to  the  action  of  tbe  electtic  fluid.  WlienttT 
Beceaaar}>  eipenmeats  ure  completed,  tbe  pUtes  sbould  be  lifted  <W<( 


li,  that  tbaj  may  not  be  too  bastily  corroded  by  the  acid. 
1  such  troughs  may  be  combined  liko  voltaic  pile*,  tltm^m 
manner  before  stated;  andil'Tary  largo  plates  bo  employed  to  (btall* 


battery,  ita  power  will  be  exceedinglj  increased.     One  I        . 

Etructed,  for  the  use  or  tbe  members  of  tbe  Royal  Institution,  ooui* 
lug  of  two  hundred  separate  parts,  each  part  composed  of  tea  douM* 
plates,  and  ei-ery  plate  containing  thirly-two  squire  intAea.  Til 
whole  number  of  double  plates  nmoiititii  lo  two  tbonsand,  and  iMr 
entire  surface  to  130,000  square  bcbei. 

Tbough  the  most  efficient  voltaic  circles,  whether  airanged  »af 
or  trougliB.areauoh  as  consiatof  plates  of  different  metals  Bad" 
Said  matter  coal^Ding  oi^^ea,  a<  already  deaoribed,  jet  o 
may  be  formed  of  vaiiima  ^oiiia  o^  m'iWKi,l«Bi».  i — — - 


JsnadlaveBrf    M 
at  oomtHoaH 


Dr.  Bacoiiio,  of  Milan,  construclod  a  Toltaio  pile  aniirely  of  V'  _ 
table  Bubstiuiceii ;  uttag  disbi  uf  rad  bett-ruot,  two  iucbes  in  djamelei, 
tnd  simiUi  diska  of  wHlnal-lree.  the  Utter  dtiprircd  of  their  reaiuoui 

gal.  VVitb  auch  >  [lile,  using  n  leaf  of  scurvy -grass  ns  u  conductor,  be 
&  stated  to  bace  produced  coatrscCions  of  the  muHcles  of  a  dead  frog. 
Other  eiperimentdiBla  heie  tbrmad  roltaic  piles  wholly  of  animal  sob- 

s  of  metallic 


MAI.  Hachette  and  DeBormea  composed  piles 
pbles  separated  by  maas^  of  cuiumoD  paste  mane  at  norit  anu  miied 
with  marine  salt  (chloride  of  aodiuin).  Ihiii,  which  has  beeu  improperlj 
sailed  the  dry  pile,  i^pesralo  oweita  eScieucy  to  the  iltrabtiun  ofiuois- 
Wre  from  the  air  by  the  salt  contained  in  the  layera  of  pnate.  ProfesMU 
Sambooi,  of  Verona,  made  a  pile  with  disks  of  paper  gitt  on  one  side, 
•ad  coated  on  the  other  with  layers  of  black  oxide  of  manganese  mad*  J 
into  a  paste  with  honey.  M 

The  moat  simploarrangemeDt  of  this  kind  is  that  called  Del  uc'sKlectriafl 
Colutna,  cousisting  of  disks  of  paper  covered  with  gold  or  silver  leaf.aod^ 
similar  disks  of  luninaled  line,  properly  arcLioijed.     Mr.O.  J.  Singer    ' 
mnatrocted  an  inatiumentia  this  manneicomposedof  twenty  thousand 
JwJt  of  disks  inclosed  in  a  tube  of  glaaa  of  suitable  diameter,  baring  at 
Meti  end  a  brass  ca)>,  perforated  by  a  acrew  for  the  purpoae  of  preaaing 
together  tlie  diaks,  n  wire  being  attached  to  either  screw,  ao  that  one 
night  heincooiBct  with  theiinc,  and  that  at  the  other  end  with  the  other 
WetsK    Each  eilremity  or  pole  of  such  a  column  willafteei  the  electro- 
Meter  and  eihibil  electrical  attractions  aad  repulsions.     If  two  upright 
^Jsctrical  culumos  be  placed  near  eucii  olljer  with  their  poles  in  appo- 
tite  directions,  and  their  upper  eitremities  connected,  while  a  anull 
loll  ia  attached  to  the  tower  end  of  each  colnmn,  and  ■  hraas  ball  in 
■BSpended  between  them,  it  will  alternately  strike  either  bell,  and  the 


which  had  coniianed  in  a< 


I  spperMus  in  the  study  of 


Same  of  tbe  remarlialile  pfamoroean  produced  bj  tlie  ^ency  of  tiif 
electric  fluids,  tbroitgli  tbe  vollaic  pile  or  balterj,  btt*  been  alrpsiiv 
noticed  ;  and  ■  few  ndditionnl  eiperimeals  ma^  be  iiddDced,vrbii-h  will 
(rerve  more  Htiikingly  to  illuatrale  Ibe  mode  Df  action  of  Toltaic  eleotri- 
citj,  and  demonstrete  its  iimilsrit;  to  common  eleolricily. 

Amon^  th«  efiecta  of  (he  voltaic  pile  Hmy  be  meDlmed  the  pmdac- 
lion  of  spu-ks  and  brilliunt  flashea  of  light,  the  heuing  aod  fusiog  nr 
mvlali,  the  deflagration  of  gunpowder  and  other  inflnmmalile  sub- 
dlHDces,  and  the  decom)H)siIioB  of  wnter.  saline  Compounds,  imd  me- 
tal lio  oxides. 

Tbe  most  splendid  eihihition  of  light  may  be  obtained  by  Siiag 
pieces  of  pointed  chnrroo]  to  the  wires  cmioecled  with  the  oppositH 
poles  of  a  powerful  TOltaie  hatteiy.  When  the  cbarconl  poiuts  ore 
brought  almOBt  into  uontai^t,  a  rivid  light  and  inteoae  heat  n-JU  be  ex- 
cited ;  and  on  grwluallj  withdrawing  llie  points  irom  each  other,  i 
oontinaed  discharge  of  elactric  fire  will  take  |ilace,  formingr  an  tnb  of 
light  of  the  most  duillug  hrightneiis.  If  the  uires  lie  iutroduied  into 
a  tnbe  pardall)'  eibHUHted  of  air,  and  tbe  ohnrcoal  pointa  he  made 
to  onpmaeh  and  iheo  recede  as  before,  tbe  effwt  will  be  height- 
pned,  and  the  arch  of  liglit  will  aaaame  a  beautiful  purple  coionr. 
Wires  of  metal  introduced  into  the  voltaic  circuit  may  be  raised  to  a 
red  or  while  beut ;  and  niras  of  moderate  dimeoaioiu,  composed  or  tlie 
least  fusible  metela,  SB  pSntins,  speedily  become  melted.  'ITiv  same 
eSect  is  produced  od  some  of  the  most  refractory  substances,  as  r|ugrlx, 
«ap]>hire,  magnesia,  and  limo ;  while  fragments  of  plumbago  or  of  the 
diomoud  are  diaiipaCed,  undergoing  a  real  combuation. 

The  spontaneous  evolution  of  electricity  observable  in  sotneoDtmib, 
and  particularly  in  certain  kinds  of  fishes,  bave  been  sacribed  to  gd- 
Taninm  ;  but  tliough  the  electrictJ  pbenomena  exhibited  bytheTorpMo 
and  n  few  other  marine  animala,  have  miioh  analogy  with  the  eStOstit 
tbe  galvanin  or  vollaie  pile  or  lattery,  the  reaearclies  of  pliUoaopbera 
have  not  hitherto  enabled  us  to  aaoertixin  how  fur  the  structure  oF  lie 
alectrical  fiahes  Dtay  be  eisimilated  to  the  arrangement  of  bodies  in 
different  states  of  electricitj,  forming  the  galvanic  pile.  The  proda»- 
lioa  of  electric  spacka  and  other  iihenoiDena  of  a  similar  nature  lead  to 
the  condasioD  tbat  elBctiicBi6»iA\sioeirt.\a  »  tota-oBivawB.  i(™^.irt^  of 
a/iimal  lite  in  general.  Many  iiis^*ow*  awiMwiKi  ^  ^  ""tS. 
-ecu»  display  Sf  electric  \ig\.t  i*.uS«^  <'<™  **  ^•^..^^■w™^*,. 


id  fljB  pTodaction  of  electricity  by  friction,  ns  from  the  tacit  of 
icommoa  nnd  well-known  phenomenon.  Cardan  meDtiona  n  Ci 
:e  Criai,  from  wbose  faair  apsike  iasaed  whenever  it  wu  stroked 
nrds.  Scaliger  gives  a  somewhat  simitar  account  of  a  woman  at 
aomoDt,  whose  hair  emitted  dre  when  combed  in  the  dark.  Ezakiel 
^  Castro,  an  Italian  phvsiciao,  in  hia  treatise  "  De  Igne  Lambeate,' 
vclatas  of  Cassandra  Buri,  a  lady  of  Verona,  that  when  ahe  touched 
fter  body  but  lightly  with  a  liueu  cloth,  it  gave  forth  sparks  ia  abon- 
r^Aance.  Soaliger,  above  quoted,  mentions  a  white  Calabrian  horse, 
se  flout  when  combed  in  the  dark  emitted  lucid  sparka.  Varloos 
inces  of  a  similar  nature  are  recorded  by  BarLbolin.  Father  Bec- 
I,  A1.  de  Saussure.  nad  other  writers  ;  and  those  cases  of  sponta- 
^^  II  combustion  which  have  been  related  by  phyaiciana  were  pro- 
iMbly  owing  to  the  evolution  orelevtricity;  but  of  Uisge  turthur  notice 
Will  be  taken  in  the  treatise  on  Cbemisicy. 

'  The  electrical  animals  already  alluded  to  display  much  greater  powers 
blbe  development  of  electricity  than  tlioseeihibited  by  human  beingi; 
Ind  the  production  of  the  electric  shook  appears  in  these  creulures  to 
Ito  dependent  on  the  will,  and  the  power  of  producing  it  to  be  be- 
ktowad  on  [hem  in  order  that  tliej  may  be  enabled  to  defend  them- 
•elpBB  from  their  enemies,  or  to  take  the  prey  necessary  for  their  anb- 
Itialence.  Among  (hose  animala  the  most  noted  i*  the  Torpedo  <  Aaia 
Tiwjwrin),  the  pee nliar  powers  of  which  were  known  to  the  oncienla. 
'^"  "  "  ntioned  by  Pliny,  Oppian,  and  other  writem.     Theao  pbe- 

le  also  been  notaced  bj  Kedi.  Koempfer,  and  otlier  modem 
autbora ;  but  Dr.  Bancrofr  appears  to  bare  first  conjectured  that  the 
laeDoe  of  the  Torpedo  depended  on  electricity,  and  Mr.  Walsh  made 
me  important  experiments  which  served  to  contirm  this  cooclusion. 
IB  subject  has  since  been  more  fully  investigated  by  John  Hunter, 
lallinzani,  Humboldt,  Volta,  and  other  philoeaphen.  The  Torpedo 
I  an  inhahitiint  of  several  different  sens,  being  found  on  the  conac  of 
England,  in  the  Mediterranean,  and  in  Table  Bay,  at  the  Cape  of  Uood 
"--  ITie  Ti-eight  of  the  animal  when  full  grown  is  about  eighteen 
nty  pounds.  It  eives  a  benumbing  aonsation,  like  en  eiacuic 
.  when  touched,  sod  these  effects  we  tBiw™»&.V)  ^w(«<aBA.  m 
r/».  T/ie  aboek  maj  be  conveyed,  \ilt.e  oomnum  Awsw«*s  .*'*° 
I^JbB  lod  or  a  wet  line,  but   not  Aituu^^v  wnv-wn^'*'*™*'^ 
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^retiMBt  shock  tbe  Torpedo  can  give  ia  nsTer  fell  above  tha  tbOlM 
and  rarely  abova  the  albow-joint ;  its  strength  depending  more  uf 
the  livelineaa  of  the  animal  than  upon  il»  aiie.  The  electric  disclmt 
IB  i^enilly  accomptmied  by  an  obTions  muiiculnT  acljon  in  the  anim: 
frith  as  appareat  contnctiDn  of  the  aapeiior  aarliice  of  the  elect 
DrgnoB,  aad  by  a  retiactioii  of  the  eyes.  These  Gsh  appesi  lo 
praaily  weakened  by  the  emiaaion  of  electricity,  and  those  that  ji 
sliocka  most  readily  soon  become  eihansted  and  die.  From  diaaeelion 
qiedo  it  i>  found  to  be  provided  witli  pi 
bead  and  i^lla,  and  coanected' 
It  baa  been  aicertained,  however,  from  the  reaearcbea  of  M.  Genflr 
St.  Hilaire,  that  a  aimilar  organio  atructure  ia  fonnd  in  other  anim 
of  the  Raia  |;enuSi  which  nererthetesa  exhibit  no  electrical  powa. 

The  CymootUB  Electrieus  or  Electrical  Eel,  ia  a  Gab  having  eimi! 
potvera  with  the  preceding.  It  is  a  native  of  the  inter-tnipicd  Tcgjo 
of  Africa  and  America,  being  ireqnenlly  found  iu  tlie  rivei?  and  Inl 
of  Surinam  i  and  it  »aa  firal  described  in  1677  by  M,  Richer,  who  w 
sent  by  the  Academy  of  Sciences  of  Parig,  to  make  philMophii 
obaervationa  at  Cmrenne.  This  fiah  (which  was  diasecled  by  M 
Hunter] ,  lite  the  Torpedo,  poaseaBea  peculiar  electric  organi,  whi 
eonsiM  of  divisions,  formed  by  thin  plnlea  or  membranes,  ranged  tma 
veraely,  so  that  in  (he  spnes  of  one  inch  there  were  two  hundred  al 

forty  of  th«a#  tradri^eriie  tnetnki^Dea.    IIiasa  organs  are  cAjiiAni 

Hupplied  with  nerves,  and  their  too  fiequent  use  occasions  debili 

■e  anS  thrive  after  the  orgsna  ba 
■■  Tableau  Pbyaiiiue  dee  Regio 
Fq  u  lite  rial  ca."  deacribes  a  curious  method  of  taldng  the  Gymooti, 
driving  wild  horses  into  a  lake  which  abounds  with  those  ^ah.  Sol 
of  tliesB  are  very  large,  and  capable  of  ([iving  most  pgwerfiil  abocl 
by  which  some  of  the  horsea  nra  paralysed  and  drowned  :  but  the  ee 
at  length,  beinR  eibauated  by  llieir  own  efforts,  are  taken  without  dil 
cullr.  This  philosopher  atalea,  that  the  GTmnotus  in  givinff  ataeo 
does  not  make  any  mctioa  of  the  head,  eyea,  or  iina,  like  iha  Tatpti 
Three  other  electrical  fiahea  have  bean  mentioned  beaidea  Aa  fci 


«'tn(r,DflnteJy,llieSiluruBE\ecwiciia,loimi  SB <i«^^ -,■&«." 
Indkvs.  vbKh   inhabita  ibe  Itvdiim  swta".  «*■  *«'^'« 
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DIFFERENT    KItJDB   OF   ELECTRICITY. 

1,  discavered  off  the  island  of  Jomtas.     Little  is  known 

the  two  latter;  hat  thej  all  appear  (o  posae&a  ths  sim 

in  of  eTolving  electricic^  with  those  airily  deacrihedt 

|.  Tb«  ohsmical  powers  of  the  voltaic  hattetj  have  afforded  the  m 

1  of  tiie  most  remarliable  diacoreries  of  modem  times,  amoaf  1 
i  will  he  sufficient  to  mention  the  dccoiopoEition  of  potuh  ud  | 
id  Iheeiliibitionof  their  metfllliohasea,  by  Sit  Humphry  DaFjr. 
.  an  account  of  hia  reaearcbes,  and  of  the  modes  of  effecting  TV 

i^oa  other  chemical  snalysea  bj  means  of  voltaic  arrangementB,  w* 
mat  refer  the  lesder  to  the  treatise  on  Chemistry. 
I  The  decomposition  of  water  by  lbs  toltaio  battery  may,  however,  be 
bhortly  noticed  as  one  of  the  mostBimple  yet  Important  procesaea  exhi- 
kting  the  cbpmical  infuence  of  electticity.  If  two  wires  of  platina 
'innected  Kith  the  opposite  poles  of  a  battery  be  passed  through  corks 
Ito  the  extremities  of  a  gksi  tube  filled  with  walei,  on  suffering  the 
Jaclrio  current  to  traverse  the  fluid  between  the  ends  of  the  wires,  it 
prill  be  deoocnpoaed  into  oiygen  and  hydrogen  gases  ;  and  if  one  of  the 
Irires  ba  of  iron,  or  any  oiher  essilr  oxidable  metal,  the  oxygen  will 
(orabine  with  the  iron  as  fast  as  it  is  evolved,  and  the  hydro^n  only 
Irill  appear  in  the  ibrm  of  gas.  By  a  proper  modification  of  the  appa- 
HlUE  with  two  plutina  wires,  both  gases  may  he  separately  coileoled  ; 
Vd  on  eiaminatJou  it  will  be  found  that  they  ate  produced  exactly  in 
be  proper  proponiuns  to  form  water. 

llist  the  various  phenomena  of  commoD  electricity  and  galvanism. 
In  which  may  be  added  those  of  magnetism,  depend  on  the  operatiaik 
tf  a  common  cBBHe,  may  now  be  regarded  as  an  established  principls 
if  physical  science;  but  the  investi^tioni  which  hove  led  to  this  con> 
Oiutioii  are  only  of  recent  date,  though  the  experiments  on  which  it  is 
bunded  appear  to  be  perfectly  satisfactory. 
^^^  Id  the  progrDss  of  hia  electrical  researcbesj  Dr.  Faraday  found  it' 
tooessary,  for  their  further  proseculioa,  to  establish  either  the  identity  or 
Bie  distinction  of  the  electricities  excited  by  different  meana ;  and  m  a 
paper  of  greet  value,  which  has  been  published,  be  has  establidwd 
beyond  a  doubt  the  identity  of  common  electricity,  voltaic  eleotricity, 
-magnetic  electricity,  thermo-electricity,  and  Bmxa«L  AMSiisiWs-^™ 
ajiieniMDena  exhibited  in  thewfivetaoAao?  Awnrwiv'pi  *^  ***-*™~^^j^ 
mrf,  bat  merely  in  dezree  ;  ani  vn  lSiwTew,«cvis«^  ''*^lJ%Si>eo.  = 
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plesBure  made  lo  change 
y,  as  much  as  it  does  bed 
'.  Furadsj  WHS  imlioiis  ti 
electrid^ 


almost  BUT  ons  of  the  kiods  ef  J 

eWndsi  ' 


cirdmHTy  and 
forca  only,  tLi 


determiae  tbe  reluti 

1  after  variouB  excellent  •.  , 
□,  and  judging  Irnm  TQagnetieat 
e  of  platina  and  one  of  line,  each  ,',  of  an 
inaa  in  oiamatBr,  ana  piacaa  ,%  of  an  inch  apart,  and  immersed  to  the 
Uepth  of  ft  of  an  ineh  in  acid  consisting  of  a  drop  of  oil  of  vitrioi  and 
lour  ounces  of  dialilled  water,  at  a  temperature  of  about  60°,  and  con- 
nected at  the  other  exCiemJties  by  a  copper  wire  IB  feel  long-  and  ',  of 
an  inch  thick  (being  the  nire  of  the  ^Tanometer  coils),  jielded  as 
much  electric)^  id  8  beats  of  his  watch,  or  „■„  of  a  minnCe  (S.S  see.) 
S3  the  eieclrical  battery  (of  15  jars)  charged  hy  thirty  Inms  of  Iha 
large  mnobine  in  excellent  order.  The  same  result  was  found  to  be 
[me  in  the  case  of  chemical  force." 

It  further  appeared,  from  the  axperimenta  of  Dr.  Faraday,  that  a 
fp'eat  tiumber  of  bodies  which  when  solid  WL-re  incapable  of  conducting 
(ioctricity  of  low  tension,  aoquited  by  liquefaction  or  fusioil  the  power 
of  conducting  it  in  a  rery  high  degree.  Such  are  wtiteri  iuM)  aererol 
saline  and  other  substances  ;  bat  sulphur,  phosphorus,  CBinphor,  sper- 
maceti, sugar,  and  various  other  bodies,  including  »nu  salts,  nctjmiv 
no  eoiidut-'ting  pom>r  vriieo  melted.  -^^m 


MAGNETISM, 


It  was  long  since  conjectured  by  some  philoaophen 
exists  bet?Feen  electricity  nod  magnetism,  and  that  electric  and  mg^ 
neCic  phenomena  arise  from  the  same  cause.  Tbe  diacovery  of  A* 
effects  of  the  contact  of  metals  and  other  roltaic  Gombinationa'  tendeA 
j^ieatly  to  render  tbe  analogy  more  atribing  ;  bat  tbe  grand  discover 
of  the  power  of  electric  currenta  to  induce  magneCiam  was  made  only 
a  1819,  by  Professor  Oersted  of  Copenhagen ;  and  Dr.  Faradny  fau 


raiy  rBnentlr  demoiultited  (he  aimUarily  of  eUcttioity  and 
i/D*Mrtiuni(ijr«  method  of  eliciting  e\6ttt'vii4^*A»W»i' 

^H  "  BncyclopiedlaBritBaiilUft.T*^'"^'''*™'^*^'^' 


m 
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The  power  of  the  nataral  m«Knel  or  losJstoD. 
bown  to  the  ancieaU,  though  iiisy  did  not  arail  themsvlTea  of  it  Ibr 
afij  (ueTul  purpose.  The  laadalone  ia  bd  ore  of  iron,  ori^inBllj  roand 
in  the  counlry  of  Ms^eBiB,  ia  Abib,  whence  it  deriTBd  its  name  ;*  but 
by  no  means  Dncaminon  iu  vsriaua  parts  of  the  world.  The  pcin- 
varietiea  are  thoBO  called  bj  mioerSilDfrisls  natural  loadBtooe,  earthy 
itone,  and  msgiimic  iroa  ore,  all  which  are  oxides  of  iron ;  and 
oric  iron,  or  thoM  masses  which  appear  to  have  fullen  from  the 
sphere,!  priucipally  composed  of  metallio  iron  end  nicliel,  are  in 
geoB^l  found  to  be  strongly  magnetic.  All  these  bodies,  as  well  u 
le  other  iron  ores,  have  lonp;  beeo  known  to  possess  Iho  property  of 
attracting  metallic  iron  wlien  broaght  nesrly  in  contact  irith  it.  The 
BU^iietio  property  is  capable  of  being  commnnicated  to  steel  by  toucb- 
ingit  with  aantural  magnet ;  and  in  this  manner  Brtificiai  magnets  are 
fbrm^d  for  Tarious  purposes.  Vihen  steel  is  louclied  by  a  taftgflel  it 
cqairea  permanent  magnetism;  but  soft  iron  treated  in  the  same  man- 
ar>  though  it  also  becumea  magnetic,  loses  its  nrtue  as  soon  as  it  ia 
Mporated  from  the  magnet- 
Other  metDllic  bodies  besides  iron  and  steel  are  susceptible  of  mag* 
netism.  Thisia  found  to  be  the  oaae  with  nickel .  dobalt,  and  braus  -  the 
tinned  of  IhesB  roetalB  especially  being  obaerred  sometimes  to 
a  high  degree  of  magnetic  power.  Nor  ia  this  property  cnu- 
0  metals,  for  many  other  substances  belonging  to  (lie  mineral 
kingdom,  as  the  emerald,  the  ruby,  the  garnet,  and  some  other  predouB 
■tones  ace  slated  by  Carallot  to  he  susceptible  of  magnetic  attraction. 
Slarerecenlresearchesbareledtothe  detection  of  magnetism  in  a  great 
Taria^  of  bodies,  including  glass,  chalk,  bona,  wood,  and  other  kinds  of 
Bumal  and  vegetable  mutter.  And  since  it  mav  he  concluded  that  mag- 
ittmotiou  is  only  a  peculiar  mode  of  action  of  the  electric  fluid  or 
fluids,  tliere  can  be  no  reason  to  doubt  that  its  influence  in  particuliu' 
le  as  eitensive  as  thst  of  electricity,  and  conse- 
quently that  oil  kinds  of  matter  are  subject  to  it. 
1.1  — .__ ..; .  _    I-  =..^^  jj  ijj  jjg  regarded  as  only  one  of  the  peculinr 
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effevis  of  mognetiam.  but  Ihere  is  motli«T  which,  tbougli  leai  imposiog 
and  obvious,  is  highly  impoctonl :  oBinelj,  tba  polari^  tif  mngnetie 

aaBume  sucli  a  position  that  one  particular  puTt,  as  one  «itreiiul]i  of  an 
iron  rod  auHjH'Dded  horiioutatly,  ahull  be  directed  lowarda  the  northeni 
rogioaa  of  tlie  earth,  and  the  opposile  extremity  towiirds  the  aoutheni 
KgioDB.  On  thia  properly  depends  the  utility  of  the  mnriner'a  com.- 
psw,  wbicb  easemiiillv  oonfliAts  of  n  maguelic  needle  aaBpeaded  on  a 
pivot,  so  lliU  it  msy  turn  horizonbilly  fdthout  obatruction.  Sudi  ■ 
needle,  if  the  box  contaiaing  it  be  placed  oa  a  level  aur&ce,  nill  ge- 
Denill;  be  obaerred  to  tibrale  more  or  less  till  it  settles  ia  such  a  di- 
rectiau  that  one  of  its  extremities  or  poles  will  point  towards  the  north, 
and  the  other  couseqnentlj  towards  the  south.  If  the  position  of  tba 
box  be  altered  or  reversed,  the  needle  will  slwsys  turn  and  vibrate 
again,  till  ita  (loles  have  attained  the  same  direutiona  as  before.  All 
magnets  and  magnetic  bara  hare  a  nortb  und  a  south  pole  i  and  if  thn 
north  pole  of  one  megnel  be  presented  to  the  south  pole  of  another, 
attraction  takes  plsce  hetween  them  ;  but  if  two  north  polea  ur  two 
south  poles  of  different  mngnets  be  made  to  approach,  they  repel  each 
other.  If  tbe  north  pole  of  a  common  barmognet  be  piusenl^  to  thn 
aoutb  pole  of  the  needle  of  a  compass,  the  latter  will  be  attracted,  and 
may  thus  be  dmwn  frDin  its  proper  directioa,  which  it  will  recOTer  as 
soon  as  it  is  lefl  st  liberty ;  and  on  the  contrary,  if  a  similar  pole  be 
preiented,  us  tlie  nurlh  pole  of  the  magnet  to  the  nortb  polo  of  the 
needle,  the  latter  may  he  tei)eUed.  and  thus  drireo  from  its  true  direo- 
tton,  to  which  it  will  return  when  tile  disturbing  abject  is  withdrawn. 
When  ■  piece  of  iron  tiot  magnetic  is  brought  in  contact  with  «  com- 
num  magnet,  it  will  be  iillracled  by  either  pole;  but  the  moat  poweriill 
attraotion  lakes  place  when  both  poles  can  be  appUed  to  the  suriace  of 
the  piece  of  iron  at  once.  It  is  cu  this  account  that  artificial  magneia 
are  often  benl  into  the  form  of  a  horseshoe,  the  north  pole  beinf; 
uauully  marked  by  a  line  or  point  to  distinguish  it. 

Harini^  thus  stated  the  most  common  phenomena  of  magnetism^  the 
reader  will  be  prepared  to  uodetstuud  the  nature  of  the  oonneiion 
betweea  eleetriany  and  magnsu&ia  vi.  duduoed  (rant  the  researohes  of 
Oersted,  Ampetb,  Faraday,  and  o\ivw  ^K-iofw^'n-    "VVwf^swSs** 

meadlic  wire  forminE  a  pMt  o£  »■  ''o\wi'L:j«'^-^  ""^^^  "  ^^"^ 

'"     :(ion  towards  a  magnetic  ueeA^o.     ^^'*'  ^^ 


[   fextremittes  of  a  TOltsie  battery  be  brought  aver  ucd  parallel  wilh  a 

I    (nagnetio  iioedlo  nt  rest,  or  with  ita  poles  properly  diroct*J  norlb  and 

I   ioutb.  that  end  of  the  needtt-  n«it  to  thi;  Il(^^tiTe  pole  of  the  battery 

more  tomirds  the  west,  and  that  whether  the  wire  be  on  ooe  aide 

I  AF  the  needle  or  the  other,  provided  only  that  it  he  parallel  with  it. 

I  If  the  connecting  wire  be  lowered  on  either  aide  of  the  needle,  ao  as 

I  fo  )>>  in  the  horizontal  plane  iu  which  the  oeedle  should  moTs,  it  will 

1  liot  more  in  that  plane,  but  will  haveKlendencytoreTolreina  vertical 

I  direction,  in  wbieh,  howeTer,  it  will  be  preveated  from  moving  in  ooD- 

Vequenoe  of  the  manner  in  which  it  is  auapended,  and  the  attraction  of 

the  earth.     When  the  wire  is  to  the  eail  of  the  needle,  the  pole  nearest 

a  the  negative  eitremity  of  thp  battery  will  he  elerated,  and  when  it  is 

in  the  west  side  that  pole  will  ha  depressed.     If  the  conoecting  wire 

Ik  placed  below  the  plane  in  which  the  needle  moves  and  parallel  with 

"   "le  pole  of  theneedle  will  move  towards  the  east;  and  the  attractiong 

repolEiona  will  be  relatively   contrary  to  those  observed  in  the 

.or  cue.     The  connecting  wire  will  be  equally  efficient  whatever 

1^  the  metal  of  which  it  is  composed  :  and  even  a  small  tube  filled  with 
'  nercury  will  anewer  the  purjiose.  Tbe  interruption  of  the  circuit  by 
fnter,  unleiB  it  bo  carried  to  a  great  extent,  does  oot  prevent  t)iD  action 
«f  die  connecting  wire  ;  aad  its  inflaeoee,  like  that  of  common  mag- 
IheCum,  penetrates  all  bodies  not  too  thick,  whether  conductors  of 
llleotricity  or  non-conductors. 

'  If  an  UDmagnetized  steel  needle  be  placed  parallel  with  the  coonect- 
Ing  wire  of  a  voltaic  battery,  and  nearly  or  quite  in  contact  with  it, 
''  two  sides  of  the  needle  become  endued  with  opposite  kinds  of 
.Vagnetism;  one  sida  being  attracted  bv  the  north  pole  of  a  magnet, 
■fcnd  the  other  side  by  the  south  pole,  but  if  the  needle  bo  placed  at 
'l^ht  angles  to  the  counecting  wire,  it  will  become  permaneatly  mag- 
Sietio,  one  of  ita  extremities  pointing  to  the  north  pole  and  the  other  to 
\be  south,  when  it  is  suspended  and  Buffered  to  vibrate  undisturbed. 
lU^netion  ma^  be  oommuniooted  to  sleet  by  means  of  electricity 
'from  BD  electncal  machine,  evidencing  the  identity  of  the  caiiae  of 
ction  in  the  different  cases  ;  bal  the  voltaic  battery  ia  more  coDve- 
tly  adapted  to  the  purpose  of  rendering  ale«\ma^(«it. 
atmg-  (ifl  mrioaa  armngementa  tot  *,\ie  Ra^i«ift.atw™  *.^^^ 
J  ia  tteel  bBn,  one  of  the  moat  effidBinaKAns.gfrASa^'^^^Igg^ 
r  m'thia  the  coils  of  a  coDduclin^  wwe  i.wwmA'"'"'  " 


^^^K^ 
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corkaorewroTm,  bjwrsppiagit  roand  D  gtasatube.  ltwillth?nia  sorir 
degree  represent  it  polar  mmgnel,  aod  a  hw  of  Bleel  introduced  into  tb« 
central  cavity  of  ilie  helii  will  apeediEyhecome  highly  mngnMic.  The 
Wire  should  be  coaled  nitli  aome  non-conducting  Babstance,  us  silk 
Wnund  raund  it,  bb  it  may  ihen  be  formed  into  close  ca39  widiont  Buf- 
fering HiB  electric  fluids  to  pasa  from  snr&ce  to  aurlace,  which  would 
impair  itsefiect  If  auch  a  helix  be  so  placed  that  >t  may  more  f/eelj. 
as  when  made  to  float  on  n  baain  of  water,  it  will  be  attracted  and 
repeiled  by  llie  opposite  poles  of  a  cominon  mngnet.  furming  n  kind  ol' 
vidtaio  magnet.  M .  Ampere  describes  such  on  apparaiui  under  the 
^peilation  of  an  Electrodyoamic  Cjlinder. 

If  B magnetic  needle  bs  surrounded  by  coiled  wire  eoTered  with  «Ik, 
the  tranamiasioti  of  a  very  minute  i^uonlity  of  electricity  through  the 
wire  win  cause  the  needle  to  deviate  from  ita  proper  directioQ.  A 
needle  thus  prepared,  therefore,  forms  an  inatrument  adapted  la  indi- 
oate  trifling  degreea  bf  electricity  produced  by  the  contact  of  metala, 
by  slight  changBB  of  temperature,  or  by  any  chemical  action  of  on& 
body  on  another.  The  magnetic  needle  thus  applied  has  been  termed 
an  Electro -magnetie  Multiplier. 

Professor  Henry,  and  Dr.  'I'en  Kyck.  of  Yale  College,  in  the  United 
StaCea  of  America,  have  availed  tbemselves  of  the  idflusnce  of  voltaic 
electricity  on  iron,  under  the  Arrangement  nbove  described,  to  form 
magnets  wlioae  powers  ate  moat  eitraordinary.  Those  gentlemen  first 
constraeted  en  eiectro-magnetaapableorsuppDrtingthe  weight  of  aboat 
750  poDuda  ;  and  they  have  aiace  formed  another  which  it  is  said  will 
anatain  8063  pounds,  or  nearly  a  ton.  It  consists  of  a  bar  of  soft  iron 
beut  into  the  form  of  a  horaeaboe.and"  wound  with  twenty-aiiatrandj 
of  copper  bell-wire,  covered  with  cotton  threads,  each  thirty-one  feet 
long:  about  oigbteen  inches  of  the  ends  are  left  projectins.  so  that  tmlv 
twenty-eight  feet  of  eacli  ucwally  surround  the  iron;  ^^  .^ 

length  of  the  coils  is  therefore  7(f8  feet.  Each  strand  is  wound  a..  _ 
little  leas  than  on  inch  :  in  the  middle  of  the  horaeshoe  it  forme  ihres 
thickneSBBB  of  wire,  and  on  the  ends,  or  near  the  poles,  it  is  wound  so 
U  to  form  six  thicknesses."  With  a  batlery  of  *7.i>  syusre  feet,  tha 
iOHg^etsupportedthe  w«iglAa\re«A'jiAH£d,%063  ^ounda.  The  efFecC« 
«>/a  latB-er  battery  were  noltiiea.  \\.vni™tii-i™^^*J»i«^"™«.T{«i»'« 

re«  employed.   ^  thot  the  ?o\«  ««Ai  ^  «^1  ™««i..*« 


^lerred  tbat  ^hile  one  of  ihe  bulteriea  .   _^ 

£ith  iLe  iveighls  BUipended  from  it,  uicouDtiag  Co  89  poiiads,  did  noC  I 
_  U,  thougli  Lbe  mngnetiD  inBiience  must  far  a  moment  liare  been  inter- 
^pl«d.  Ibis  BcemiDgly  surprising  pbenoinenoii  is  readilj  explainei) 
y  sdrBrtiag  to  tbe  obtiouB  conaiderntiDD,  Iliut  the  inturniptiaii  and 
^ — ewttl  of  tbe  voltaic  circuit,  and  cooaeqaent  magnetio  attraction, 
^-jupifid  too  fibott  u  apace  of  time  to  admit  of  tbu  armaiuro  bf.>coming 
Officiently  detaclied  from  tbe  poleu  of  tbe  mugnet  fut  it  to  siok  bejond 
1  influence,  before  tlie  circuit  hbs  again  completed.* 
A  aimilarij  constructed,  but  luaa  pun'erful,  electro- magnet  i»  at  pre- 
nt  ejbibiled  at  tbe  National  GDller/of  ProGlicnl  Science.  This  in- 
niment,  when  submitted  to  the  influence  of  a  imall  voltnic  apparatus, 
suScientlj  eiiert;etic  Id  support  500  pounds;  hut  its  aclian 
,  i  soon  as  ever  tbe  circalt  of  electricity  is  broken,  aSordin^  a 

ItrildDg  illuatration  of  the  natute  and  cauaca  of  inagnetisni-  if  any 
hntii  eridence  had  been  requiaite  to  prava  the  analogy  between 
JiUctricity  and  magnetism,  it  might  be  derived  from  tJie  diacovary 
'  Mently  made  by  Dr.  Faraday,  of  the  possibility  of  eliciting  electric 
parks  from  tbe  common  minuet.  An  instrument  fitted  up  for  the  pur- 
Dse  of  exhibiting  this  experimeat  ia  to  be  aeen  in  action  at  the  \a- 
ooal  Gallery.  It  consists  of  iwel/e  shBer-atael  plates,  coonected 
fgetber,  in  the  form  of  a  borseahoe  ;  with  a  keeper  or  lifter  made  of 
M  purest  soft  iron.  Around  tlie  middle  of  the  keeper  is  a  wooden 
Finder,  having  about  1(K)  yards  nf  common  tbteaded  bonnet>irire,  the 
HO  ends,  CDRiposed  of  four  lengths  of  the  wire  twisted  together, ' 


e  of  at 


It  i  of  a  circle  ( 


of  ll 


ends  passing  beyond  each  end  of  the  keeper,  and  resting  on 
}u  reBpectire  poleii  of  (he  magnet.  A  amall  wooden  lerer  ia  so  fixed 
■  to  admit  of  the  winder  and  keeper  being  suddenly  separated  from 
onCiiet  with  the  magnet,  when  a  beautiful  and  brilliant  apack  ia  per- 
eirad  to  iaaue  from  that  extremity  of  the  wire  which  tirst  becomes 
eparated  from  the  magnet.  By  means  of  this  elect ro-megnetic  epark 
[unpowder  may  be  inflamed. 

Some  of  the  latest  researches  that  have  been  made  relative  to 
^etio-magnetiam  are  those  of  Dr.  Ritchie,  Professor  of  NaUu^J.  EW 
Josopby  in  the  VoivEriity  of  London,  wbo  giiB  aa,  »cwimsi\.  <ji.''B*> 


olMervslions  in  n  lecture  detivered  it  ibe  Koyal  liutkutiim.  (Ibb  of 
tlie  experimenU  bBexbibilednutliecaiitiauedrntittiODcif  a  tempoiarir 
migtiec  an  its  cenlra  by  the  action  of  pennaDent  msgaets.  Tbis  eflbct 
is  producsd  by  aodclenly  chHn^ng  tfae  poles  of  the  tempDiniy  mugnet. 

The  inaCniiuent  used  consists  of  a  eehea  of  wft  iron  cylindere,  harmg 
ribbons,  lit  rntber  baods.  of  copper  Burrounding  them,  in  a  BimSnt 
muiaei  <a  io  the  apparatas  for  ahowiog  tbe  detooation  of  oiygoi  nod 
hydrogen  gases  by  the  electro-magDetic  apark.  Tbe  Gyliadjeis  are 
made  to  revolre  rapidly  apposits  the  poles  of  the  panoaneBt  raagnM. 

itfl  action.  By  a  peculiar  sTtangeiuent  of  the  appatatus.  Dr.  Kitdiie 
Hucoeeded  io  obtaiaiog  a  aeries  of  sparks  from  the  couudod  nugner, 
rormitig  a  complete  circle,  appearing  in  the  dark  like  a  lucid  liag  of 

The  identity  of  the  electric  infiuence  under  its  rarioua  modilieBtioa* 
— whether  na  arising  from  the  eicitement  of  electric  a  or  non-conduotow 
by  frictiou,  from  tbe  contact  of  bodies  in  different  atataa,  the  one  tKing- 
poaitivsly  and  the  other  negatively  electriSeJ,  from  the  action  of  beal^ 
from  compression  ;  and  in  itsmoreBnomulauatamis,  asin  tbo  production 
of  meteorolt^ical  phenomena,  of  animal  electricity,  or  of  magoedsm, 
from  circulating  currantR  of  llie  electric  fluids — nmy  b«  regarded  u 
having  been  aaliafartorily  demonstrated,  in  consequence  of  the  ex- 
perimeulal  reaearches  and  important  diacoveriea  of  modem  philo- 
sopbors.  Most  of  the  topics  of  inquiry  just  mentioued  have  been 
already  noticed  in  this  treatise,  the  plan  of  which  prevents  the  iutro- 
duction  of  more  detailed  information,  for  wbich  the  reader  may  hare 
recourse  to  works  of  greater  extent,  and  to  such  as  are  exoluaiiely 
appropriated  to  the  diBCUssion  of  the  bisnch  of  science  now  under 
review,  But  the  peculiar  effects  of  currents  of  electricity  on  metalUc 
subslODcei,   and   especiallv  steel,  inducing   magnetic  a"  ' 

repulsion,  and  the  application  of  tbe  magnetic  needle  to  the  pt 
of  navigation,  demand  aome  further  notice,  without  which  Cnt 
jiendium  of  science  would  be  imperfect. 
Tbegeaeni  propertie*  of  the  ms^et,  whether  nrttnral  or  artii 
and  the  tfSnify  beliveen  cotitrnty  xw\Bs,aoi  waaYsOwj'' - 
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Hf,  ta  in  the  case  of  bodira  poutivelr  and  negatirelj 
e  been  ttlresd)-  noticed,      NeturBl  Diugueu  or  minenl 
OiEOoea,  [iiougb  lometimes  poSMnBin)-  atroDg  tnagneltc  power,  in 
t  in  h11  respects  so  weli  adupled  for  prBCtical  puri>Da«s  aa  ban  of 
el  wtiGdiilly  mafllietiiied  ;  and  the  latler  nie  ibeterore  used  ii      * 


inofti: 


uid  otiier  iuatTDii 


There  are  mtny  methods  of  inducing  pj 
one  of  ihe  raoBt  gimple  and  efiecluil  consiatB  in  pauing  a  strong' 
m^net  over  bws  previoualy  hardBDfld  and  prepared.  "If 
nn^neta  are  to  be  producei),  the  bara  must  be  laid  in  a  lotigitudind 
«Cion,  ou  0  flat  table,  with  the  msrked  end  of  one  bar  a^iaat  the 
lariied  end  of  the  oeit ;  and  if  horseshoe  magnets  are  required,  tbe 
tea  of  steel,  preyioualv  bent  into  their  proper  form,  must  be  laid 
:;i,ob- 


b  moden 


I  BtronR  Dr 
r  the  b 


nsgnel 


0  ba 


let  Iho 
end  of  this  magnet  precede,  and  its  unmarked  end  Iblluw  it, 
M>d  to  move  it  ronetantly  over  the  steel  bars  so  as  to  enter  or  coin- 
Bmce  the  process  at  a  mark,  and  proceed  to  an  unmarked  end,  and 
ihra  enter  the  next  bar  at  its  marked  end,  and  so  proeeed.  A^tt 
tering  so  passed  over  the  bars  ten  or  a  doiEn  times  on  e;  '  ' ' 
»  the  same  direction,  sa  to  the  marks,  they  will  be  to 
telerably  atroog  end  permanent  magneln ;  out  if,  afler 
tinDed  Ue  process  for  some  time,  the  exciting  magnet  i 
OODe  over  the  bars  in  a  contrary  direction,  or  if  its  S.  fiole  should  b 
permitted  to  precede  after  the  N.  polo  has  been  first  nned,  all  the  | 
tioualy  excited  m^:nelism  will  disappear,  and  the  bats  will  be 
in  tbnr  original  aisle.  This  seems  to  sbon'  an  eifeet  of  cinulsti 
tather  tlum  of  any  internal  mecbanicnl  arrangemea 
eirDunutuicsof  a  strouger  powra  in  proportion  beine  produced  in  ti 
plUea  of  iteel  thou  in  thick  ones,  and  the  accgniredtoagneU'  '  ' 
diminisbed  by  fust,  filing,  or  grindingi  it  appears  that  the  rii 
municaled  is  more  eitemal  tbsn  interna!."  • 

Tbal  a  luapended  magnet  wQI  become  filed  in  auch  a  direction 
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Dt  an  early  perLod,  but  it  is  samnn 
araiUd  tKemselTM  of  this  praiierty  of  the  Dttignet,  id  order  to  disGOvet 
the  points  nf  tlie  compags  in  cloudy  weather,  when  neither  the  sun  bv 
duv  tiQt  the  sttiTs  by  ni}rht  can  afford  tbem  anv  aasiatHnoe-  Scpme 
nritera  Mala  Ibat  Marco  Polo,  the  Venetiui  traveher,  sbaul  1160,  in- 
troduCKd  among  the  Italians  the  use  of  tbe  martaar'a  compaaa,  baviDg 
learnt  it  from  the  Chinese  ;  but  it  is  more  commanlj  regarded  aa  the 
invention  of  Flavio  di  GJoja,  a  nntive  of  Amalti,  in  the  kio^dom  of 
Naples,  who  gsjg  that  he  naed  it  in  tbe  Uediiemnean  Sea  in  die  tLit- 
teentli  century. 

The  compsBS  which  was  Brst  employed  by  European  seamen,  about 
the  period  just  mentioned,  &]>peurs  to  have  been  a  very  rude  instru- 
ment, conaisting  of  pieces  of  tha  natursl  loadstone,  fixed  on  cork  or 
light  wood,  so  that  it  migbt  float  on  the  surfece  of  Ttsler,  in  a  dish  on 
wliich  were  marked  the  cardinal  poincs  of  the  compass.  At  present  the 
mariner's  coRipsss  is  more  accurately  coostrucled,  under  rariaus  IbrmB 
adapted  to  peculiar  purposes;  but  in  all  cases  campoeed  of  a  small  Bat- 
tened magnetic  steel  wire,  or  needle,  carefully  suspended  oa  a  pivot  in 
an  horizontal  direction,  so  that  it  may  Tibrste  and  revolve  with  the 
least  possible  degree  of  frictioii ;  and  when  intended  to  be  used  do 
board  a  ship  it  is  made  to  hang  in  a  frame  wbich  preserres  its  bnriiiui- 
tal  posilion  independent  of  tbe  motion  of  the  veeael.  A  cord  js  placed 
below  the  magnetic  needle,  on  which  are  described  two  circles,  ona 
divided  into  SOI)  degrees,  and  tbe  other  marked  with  the  thirljr-tiro 
points  of  tbe  compass ;  and  thus  tbe  direction  of  the  maguetjc  poles  in 
any  given  situation  may  be  ascertained  and  noted. 

There  are  several  circumstances  which  interfere  with  tbe  Tegollt 
ai'tion  of  tbe  magnetic  needle,  and  to  which,  therefore,  tbe  Bttenlinn  ef 
llie  mariner  must  be  directed  in  making  obsercations,  and  perfoimiog 
calsulatiouB  founded  on  them,  so  as  to  obtain  exact  infonnation.  Tbev 
are  chiefly  the  "  dip"  of  the  magnetic  needle,  its  "  secular"  and  "diinsl 
variation,"  and  tliat  anomalous  variation  that  long  pusled  navtEitm^ 
bat  whiab  ia  now  supposed  to  de'^eudau  tha  attraction  of  the  iron  iMd 
fa  lie  construction  of  asbin.or  un^  Dftw.t^<itM«iwnX*M».-TO&3iV™i!a.il 
mj  «.«•«»,  ,ctbg  o»  ft.  "««t~r?  ^^SS^T&^SS. 


iU  biliiuie  except  oeBr  tbe  equaior,  the  north  pole  unkuig  aa  if  baaTiesC 
OQ  tbe  north  side  of  the  equitor.  sntl  tbe  south  pole  on  the  south  side. 
A»  it  is  of  importance  to  the  Bailor  to  be  ^le  to  ssliniBte  the  eitant  to 
which  the  compass  must  be  thus  aSected  in  aur  situatioD,  an  instru- 
ment is  prayided  for  tbe  purpose,  called  a  "  dipping  needle,"  in  which 
the  nu^ctic  wire  is  suspendad  in  a  vertieal  direction. 

It  haa  been  already  observed  that  the  magnetic  poles  of  the  earth,  or 
those  poiuts  toWBrde  wUich  the  poles  of  aoompsss  are  directed,  do  not 
exactly  coinoide  with  the  poles  on  which  tbe  earth  performs  its  diurnal 
revolution ;  and  thta  deviation  of  the  mimetic  from  the  tmo  meridian 
is  termed  the  variation  of  tlie  compasa.  It  appears  lo  have  been  first 
discovered,  or  rather  accurately  observed  Ire  Sebaitian  Cabot,  in  1497; 
and  in  the  aeventaenlh  oenturv,  Henry  Gellibrand,  one  of  the  profes- 
sors at  GTsaham  College,  ascertained  that  the  vanaCioD  itself  is  subjecE 
to  g>  secular  alteration.  Thus  when  the  iiaiietioD  was  first  noticed  al 
London,  the  needle  pointed  to  the  east  of  the  true  meridian  ;  in  1657 
there  was  no  larialloD,  the  needle  pomting  eiacllv  north  and  sonth ;  it 
then  progressively  veered  weatwara,  having,  as  la  supposed,  attained 
its  utmost  western  declination  about  1818,  when  it  had  reached  34  deg. 
36  min.  W.;  and  it  now  appears  to  he  annually  verging  towards  the 
east-  Hence  it  seams  nnl  only  that  the  earth's  poles  of  revolution  do 
uot  ooTiaipoad  with  its  magnetic  poles,  hut  also  thai  the  latter  ate  not 
aCatioaac}',  the  line  of  no  variation,  which  passed  through  London  in 
1637,  now  crossing  the  continent  of  North  America  i  to  account  for 
which  it  has  been  conjectured  that  the  north  magnetic  pole  revolvea 
round  the  north  pole  of  the  earth  in  ahou 1 644  years,  and  consequently. 
in  1979,  the  line  of  no  vsrislion  will  again  cross  ijie  island  of  Great 
Sritain,  as  il  did  in  lfi57  ;  for  if  the  period  of  revolution  of  the  mag- 
netic pole  be  644  years,  half  that  period,  391  -(-  1657  =  1979  will  in- 
dicate nearly  the  next  return  of  no  variation." 

The  diurnal  variation  of  ihe  magnetic  needle  was  first  noticed  bv 
■fa.  George  Graham,  who  gave  an  account  of  his  obsoi 
*-T«l  Society  in  l7Si.  It  araoimw  to  several  minutes  ot 

uminntion  of  the  secular  variation,  at  any  given  place,  in  a  day;  and 
■  appears  to  he  occasioned  by  the  influence  of  the  sun's  tight  or  heat. 


^^^^M  r*ry  imponmt  dia 
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m  bj  both,    tu  qnuti^  ii  lOwwae  aSMned  br  (be  muoib. 
»  eMiddenbla  dunog  tbe  ■ummsr  itiaa  m  lb*  wintBr. 

'aibvtfwaelBctrici^andmasnatinu.aTJilaicari 

tnu  foi  IwKaving  tbat  (be  polnilv  of  uie  magnetic  needle  miUt  be 
lisbla  to  THiiBtiaiu  from  the  inSiHiuw  o(  ranaia  natunl  phenomeaa. 
Tba*  iwiD"  obienen.  sod  •ipceiaOf  Captain  Fnnldin,  hare atated  dnl 
tfa*  action  oftbe  naedla  ia  impeded  by  Anron  Boreslis,  the  appeanmca 
of  which  iMKia  to  be  dependeDt  on  olaotricitT  )  uai  it  bsa  long  uoee 
been  nniBrkad  that  atmoipheric  edectRcity  ot'tan  povetfall;  adects  tha 
miEnal,  Anolber  curioni  lact  ia  the  induction  of  iii^:nstiam  by  the 
neel  wiie  or  Deedla  to  the  violst  ny  of  tbe  solar  ipM- 
■nd  olbai  phenamsiia  rocanlly  oburved  cenainly  indicate 
•ucb  a  connetion  between  heat,  light,  electncilr.  and  magnetiam,  at 
iliiirdi  ((toilDda  Air  regarding  tbem  us  probably  depsnding  on  a  com- 
inmi  nauae  ;  and  the  veiy  eanoai  diacoreries  nhich  have  been  already 
maila,  and  tbe  etriking  anal^iea  obBerred  between  the  opeiatiana  of 
rHUc*  under  diSsrant  oinuinalancu  furuiah  abundant  inducement  to 
cont«ni|)OTBiy  philoaopheia,  and  indeed  (o  all  who  feel  an  intereat  in 
the  adrancxment  of  acienoe,  to  punue  the  trnok  already  op«ied.  <rilb 
the  fair  proapeet  that  the  uaiduoai  inquirer  will^  amply  rewuded 
for  hi»  time  nd  MWnrion  to  tbaie  moat  important  tupiss  of  a 
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